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ABSTRACT 
Infection of animals by Salmonella can lead to conditions such as anorexia, abortion, 
diarrhoea, reproductive disorders and even death. In the case of dairy cattle and 
chickens, it can also cause a decrease in the production of eggs and milk along with 
contamination of these products. With some animals, such as pigs and cattle however, 
infection does not result in disease symptoms. Not only will the animals shed 
Salmonella in their faeces, resulting in further spread, but the bacteria can also be 
passed to the meat as well as equipment used during in the slaughter process. During 
this period, the animals can also cause infection in other animals and even humans. 
Animal feed is one of the main sources of Salmonella in animals. Testing of animal 
feed and the components that are used to make animal feed is important in preventing 
Salmonella infections. Conventional testing for the presence of Salmonella is a 
laborious process that require several days before a result is obtained. Considering the 
cost implications of keeping large quantities of feed for the time required to confirm 
the absence of pathogens, as well as the potential risk of contamination, it is 
important to find techniques that require less time. 
Real-time PCR is a technique that is increasingly being used for the detection of 
pathogens such as Salmonella not only in food and water, but also in animal feed. 
Real-time PCR has the advantage of being fast and very sensitive. Numerous 
protocols are available in literature, as well as commercial kits that can be used for 
the detection of Salmonella in various substances. Since none of these kits are locally 
produced, they invariably have to be imported from overseas. It is therefore important 
not only that the kit used perform well, but also that it comes at a reasonable price. 
Four commercial kits and a protocol obtained from literature were tested for their 
detection of Salmonella in soya meal, which is used in the production of animal feed. 
They were compared not only to each other with regards to performance, but also in 
regards to time required for reaction runs, cost and ease of use. 
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Despite promising results in initial testing, the Salmonella real-time multiplex PCR 
(protocol taken from literature) did not perform as well as hoped. None of the 
commercial kits performed the best in every single category. However, of all the 
commercial kits tested the PrimerDesign™ Kit for Salmonella enterica genomes 
performed the best, though it does take the longest of all the kits tested.  
The methods used in the study are shown to be applicable for the detection of 
Salmonella in animal feed. They are however taken or adapted from methods used for 
the detection of Salmonella in human food items. The methods work, but further 
study may be required to find combinations and kits that are optimally suited for the 
different matrices encountered in the animal feed industry. 
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CHAPTER 1 
LITERATURE REVIEW 
1.1 Bacteria and diarrhoeal diseases 
Diarrhoeal diseases have a tremendous effect on society. In developing countries, child 
mortality due to diarrhoea is estimated at 3 million annually (Cardinale et al., 2005). In 
fact, diarrhoea is estimated to account for 4.1% of global disease (Sharan et al., 2011). 
Ameya et al., 2018 puts the number of people affected by diarrhoea at 550 million, 
while Besser 2018 quotes figures from the WHO that puts it at about 1.9 billion. 
Salmonella is one of the major causes of foodborne infections worldwide (Akbar and 
Anal 2015; Spector and Kenyon 2012; Malik-Kale et al., 2011; Silva and Gibbs 2012) 
affecting approximately 90 million people every year (Malik-Kale et al., 2011), though 
in a more recent publication, it is estimated at double that number (Besser 2018). In the 
USA alone, 1.4 million people get sick every year (Boxrud et al., 2007; Carattoli et al., 
2002; Cetinkaya et al., 2008; Tahergorabi et al., 2012). Of interest as well is that while 
Salmonella causes less than a tenth of diarrhoeal illnesses, it is linked to nearly halve 
the deaths associated with it (Besser 2018). 
1.2 Overview of Salmonella 
Salmonella is a gram-negative, facultative anaerobic, nonsporulating, rod shaped, 
bacillus (Allam et al., 2019; Amagliani et al., 2012; Andino and Hanning 2015; Ashraf 
et al., 2018; Hur et al., 2012; Mukhopadhyay and Ramaswamy 2012; Pui et al., 2011; 
Tahergorabi et al., 2012) belonging to the family Enterobacteriaceae (Di Febo et al. 
2019; Tahergorabi et al., 2012) and is divided into the species Salmonella enterica and 
Salmonella bongori (Levantesi et al., 2012; Akiba et al., 2011; Duffy et al., 2012), 
although a third species, Salmonella subterranean (Fuentes et al., 2008; Bhatta et al., 
2007), has been mentioned in literature. The species Salmonella enterica is subdivided 
into subspecies I, II, IIIa, IIIb, IV and VI (Arrach et al., 2008; Akiba et al., 2011; 
Andino and Hanning 2015), as indicated in Table 1.1, of which subspecies I contributes 
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60% of the species (Arrach et al., 2008; Chan et al., 2003). Subspecies I, in turn consist 
of various serovars. While it is acceptable to refer to Salmonella serovar Typhi as 
Salmonella Typhi, the complete name would be Salmonella enterica subspecies 
enterica serovar Typhi. As can be expected, subspecies I is responsible for most 
incidences of disease in animals and humans (Stevens et al., 2009). 
Table 1.1 Subspecies of Salmonella enterica 
 
Numerical Value Subspecies name 
I enterica 
II salamae 
IIIa arizonae 
IIIb diarizonae 
IV houtenae 
VI indica 
(Akiba et al., 2011; Duffy et al., 2012; Herrera-Leon et al., 2005; Andino and Hanning 2015; 
Fookes et al., 2011). 
The optimum temperature for growth is between 35 and 37°C, but it can survive in 
temperatures ranging between 5 and 46°C (Amagliani et al., 2012; Silva and Gibbs 
2012), with temperatures of 2°C and 54°C also recorded (Andino and Hanning 2015). 
Salmonella is found in the digestive tracts of both humans and animals (Alcaine et al., 
2005) and in carriers they can form part of the natural gut flora (Abouzeed et al., 2000). 
When these animals are stressed, like before slaughter, they shed greater quantities of 
Salmonella (Abouzeed et al., 2000), which can then be spread to equipment and other 
animals. Once introduced into the environment (soil and water) Salmonella has the 
ability to survive for long periods, as will be discussed in section 1.4. 
1.3 Spread of Salmonella 
While contaminated food and water immediately comes to mind when the spread of 
Salmonella is discussed they are only a part of the whole. In the sections that follow 
various vectors will be discussed. While they are discussed separately it must be kept 
in mind that they do interact with one another. Aspects of this is illustrated in Figure 
1.1 but will not be discussed in any further detail here since it will be discussed in 
following sections. 
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Figure 1.1 Factors involved in the spread of Salmonella. 
1.3.1 Animal feed 
Animal feed is one of the ways in which animals can be infected with Salmonella 
(Koyuncu et al., 2011; Habimana et al., 2010; Ahmed et al., 2019; Molla et al., 2010) 
and has also been indicated as a source of human infections (Moretro et al., 2009; 
Koyuncu et al., 2010). Salmonella has been isolated not only from feed ingredients, but 
also from the final product (Lofstrom et al., 2004). Contact with pet feed and animal 
treats such as pig ears have been implicated in a number of Salmonella outbreaks 
(Hoelzer et al., 2011; Lambertini et al., 2016). Animal feed can become contaminated 
once in use by Salmonella carrying vectors such as insects, birds and animals (Sapkota 
et al., 2007) and if they can gain access to feed mills they can cause contamination 
there as well (Torres et al., 2011). 
1.3.2 Animals and animal products 
While their distribution may vary from country to country the number of animals used 
for agricultural purposes is more than 4 billion (Hoelzer et al., 2011). The number of 
avian species in farming worlwide in 2007 was estimated at 343 million geese and 
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guinea fowl, 447 million turkeys, 1.1 billion ducks, and 17.9 billion chickens (Hoelzer 
et al., 2011). A large number of birds are also kept in homes as pets (Hoelzer et al., 
2011) along with pets such as dogs and cats that live in close proximity to humans. 
Salmonella infections of dogs are often asymptomatic (Schotte et al., 2007; 
Seepersadsingh et al., 2004), creating a potential health risk especially for small 
children (Schotte et al., 2007). Salmonella and other pathogens can also be found in 
the fur of cats (Stanwell-Smith 2003). Since cats are often found on the laps of their 
owners where they are petted, this can lead to contamination of hands and other skin 
areas. People do not always think of their pets as sources of infection and as a result 
proper hygiene is not always maintained (Stanwell-Smith 2003). The result can be 
infection of the person handling the pet or spread of the pathogen to other surfaces in 
the home. Various reptiles such as turtles, that are kept as pets can also serve as a source 
of Salmonella, as like dogs and cats they do not show any symptoms of Salmonella 
infection (Hernández et al., 2012; Chen et al., 2010). Because of this it has been 
recommended by the CDC that no reptiles should be kept as pets in households where 
there are children under the age of 5 (Hoelzer et al., 2011). Serovars that are transferred 
in this manner and that have caused incidences of disease in humans include 
Salmonella Java, Salmonella Poona, Salmonella Pomona, Salmonella Marina, 
Salmonella Stanley, Salmonella Litchfield, Salmonella Newport, Salmonella 
Enteritidis and Salmonella Typhimurium (Hernández et al., 2012). 
Pet chews that are given to dogs and cats as treats are made from by-products of meat 
animals (Wong et al., 2007). With Salmonella capable of surviving the desiccation 
conditions of the manufacturing process, pet chews constitute a vessel for the infection 
of household pets (Wong et al., 2007). Handling of the pet chews can also lead to 
infection in humans if proper hygiene is not observed either through direct contact or 
by spread of Salmonella to other surfaces (Wong et al., 2007).  
The practice of feeding pets raw meat diets can contribute to Salmonella infections in 
cats and dogs as shown by a study that was done in Canada that revealed that about 
1/5th of raw pet food that was sold commercially contained Salmonella (Weese and 
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Rousseau 2006). The danger of infection comes not only from bacteria shed by the pet, 
but also in the handling of the pet food (Weese and Rousseau 2006). 
Salmonella can be found in the intestines of many animals (Abouzeed et al., 2000; 
Fratamico 2003), some of which act as carriers for the bacteria (Abouzeed et al., 2000). 
When meat animals such as pigs are slaughtered the bacteria can spread during the 
evisceration step of the slaughter process resulting in contamination of the carcasses 
and equipment used (Bohaychuk et al., 2007; Bonardi et al., 2003; Bouchrif et al., 
2009). In live animals the bacteria are shed along with the faeces (Andino and Hanning 
2015; Alcaine et al., 2005) into the environment from where it can end up in surface 
water (Levantesi et al., 2012). Pigs that are infected with Salmonella will shed the 
bacteria at high levels and pigs that have the infection at sub-clinical levels will shed 
the bacteria periodically and at low levels (Baggesen et al., 1996). Pigs that are infected 
sub-clinically pose a major risk for the spread of Salmonella as they do not present any 
symptoms (Baggesen et al., 1996). Cattle can also become asymptomatic shedders, 
especially when they are infected with Salmonella Dublin (Hoelzer et al., 2011; 
McEvoy et al., 2003). Animal waste along with biosolids from treatment plants is used 
in agriculture as fertiliser to improve the quality of soil (Jacobsen and Bech 2012; 
Klerks et al., 2006; Rooklidge 2004). This will introduce Salmonella to the soil where 
it can survive for long periods as stated previously. 
Animals can acquire Salmonella through contact with infected animals (Knodler and 
Elfenbein 2019; Bondo et al., 2016), but mainly through contaminated feed (Lofstrom 
et al., 2006; Niemie et al., 2019) and water (Levantesi et al., 2012). The animals in 
questions can be other farm animals, but also animals such as cats and dogs (Mølbak 
et al., 2006). Contact with infected animals is also one way in which Salmonella can 
spread to humans (Amagliani et al., 2012; Christidis et al. 2020; Hoelzer et al., 2011; 
Hur et al., 2012; Cummings et al., 2010). This does not only happen with farm animals 
but also with pets such as turtles and frogs (Amagliani et al., 2012). Conversely, 
animals can also acquire Salmonella from contact with infected humans (Mølbak et al., 
2006). 
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Eggs can be contaminated with Salmonella in two ways (Martelli and Davies 2012). 
Transovarian infection or vertical transmission takes place inside the hen, while the 
egg is being formed, before the shell is assembled (Andino and Hanning 2015; Martelli 
and Davies 2012). This process of transfer between “mother and child”, has also been 
indicated for cattle (Hanson et al., 2016). Horizontal transmission takes place after the 
shell is formed or after the egg is laid (Andino and Hanning 2015; Martelli and Davies 
2012). Eggs of older hens or chickens with poor nutrition or virus infection are also at 
risk as the quality of the shell is affected negatively (Martelli and Davies 2012). Eggs 
form part of many drinks and foods, in which they are used raw or only partially cooked 
(Adesiyun et al., 2007). Salmonella Enteritidis and Salmonella Typhimurium both 
infect chickens, but Salmonella Typhimurium is more like to be transmitted to humans 
via meat, while Salmonella Enteritidis will be transferred mainly through eggs (Clavijo 
et al., 2006). 
Fish and Shellfish can acquire Salmonella from contaminated sea water (Amagliani et 
al., 2012). While most will contain low levels of Salmonella, filter feeders such as 
molluscs will have higher bacterial loads as they have the ability to concentrate the 
cells (Amagliani et al., 2012; Brands et al., 2005). Because they are often eaten raw 
molluscs and some fish are considered high risk (Amagliani et al., 2012). Fish is used 
in aquaculture to feed carnivorous fish species (Amagliani et al., 2012). Discard fish is 
also made in the production of fish meal and fish oil (Amagliani et al., 2012). The use 
of contaminated fish meal in the production of poultry feed has been linked to the 
establishment of Salmonella Agona in one instance (Binter et al., 2011). 
Wild birds can cause contamination of animal feed (Boqvist and Vagsholm 2005). 
Starlings have been shown to be a source of Salmonella contamination of animal feed 
and water (Carlson et al., 2011). Seagulls and other wild birds can play an important 
role in maintaining Salmonella in the environment (Almeida et al., 2015; Tizard 2004). 
In the case of raptors and scavengers infection with Salmonella can occur when they 
eat contaminated meat provided for them in carcass dumps (Blanco 2015). Wild 
rodents can contaminate feed, food and water (Hoelzer et al., 2011), and when they are 
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ingested by cats or other animals cause infection (Hoelzer et al., 2011). Since they 
either do not show symptoms or have symptoms that are not typical of Salmonella 
infections rodents can be a potential source of infection to any person handling them 
(Hoelzer et al., 2011). 
1.3.3 Slaughterhouses 
Serovars isolated at the slaughterhouse are often different than those found in animals 
on the farm and at the market (Padungtod and Kaneene 2006). Examples are 
Salmonella Hadar and Salmonella Weltevreden, which are found in chickens when 
they are slaughtered, but not when they are on the farm (Padungtod and Kaneene 2006). 
This can be explained by infections contracted during transport or during holding 
before slaughter (Hurd et al., 2002; Wong et al., 2002) 
In Denmark extensive sampling is done at the slaughter line during the processing of 
pork. Herds are rated according to the number of positive samples obtained in the 
previous 3 months. This data is used, not only to determine how the carcasses are 
processed after slaughter, but will also influence how much the supplier is paid for his 
pigs (Mølbak et al., 2006). 
1.3.4 Water 
Wastewater from farming activities contributes pathogens such as Salmonella to 
surface waters (Ahmed et al., 2009; Levantesi et al., 2012). Other sources of 
contaminating wastewater include urban areas (Espigares et al., 2006), especially 
informal settlements as well as industries (Espigares et al., 2006). Surface water is used 
for purposes such as recreation, commerce (Ahmed et al., 2009) and agriculture. 
Ingestion of this water can have a negative impact on the health of the user (Ahmed et 
al., 2009). Wastewater is used worldwide for the irrigation of crops (Elizaquıvel and 
Aznar 2008; Jolivet-Gougeon et al., 2006; Rooklidge 2004) and while it is sometimes 
treated before use, it is also used untreated or merely diluted (Elizaquıvel and Aznar 
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2008). Contaminants such as microbes that are present in the water will be passed onto 
the soil where they can accumulate (Rooklidge 2004). 
Salmonella shows very good survival in environmental waters (Aktas et al., 2007; 
Alcaine et al., 2005), outliving pathogens such as Staphylococcus aureus and Vibrio 
cholerae in groundwater and eutrophied river water (Winfield and Groisman 2003). A 
list of Salmonella serovars that have been isolated from water can be found in Table 
A1 in Appendix A. As they reside in water shellfish and fish acquire Salmonella 
through polluted water (Amagliani et al., 2012). When they are consumed without 
proper preparation the bacteria can cause disease in the person eating the fish or 
shellfish. 
1.3.5 Fruit and vegetables 
These days there are numerous campaigns highlighting the benefit of fruits and 
vegetables to a healthy diet and people are urged to consume at least 5 servings a day 
(Abadias et al., 2008). The amount of fruits and vegetables that are consumed in several 
countries by each person per year is shown in Table 1.2. The result of these campaigns 
is that people become more health conscious, consuming more fresh fruits and 
vegetables (Abadias et al., 2006; Cui et al., 2018; Elizaquıvel and Aznar 2008).  
Table 1.2 Consumption of fruit and vegetables as reported by Abadias et al. (2008). 
Country Consumption (kg/person/year) 
Spain 1 – 1.5 
UK 12 
France 6 
Italy 4 
Germany > 3 
Belgium > 3 
Netherlands > 3 
USA 30 
 
These items are often consumed raw or with minimal processing (Erickson et al., 2018; 
Kisluk et al., 2012) and as such fruits and vegetables are increasingly linked to 
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Salmonella outbreaks (Jacobsen and Bech 2012; Kisluk et al., 2012; Elizaquıvel and 
Aznar 2008; Weissinger et al., 2000). Mention should also be made of herbs, as they 
are often consumed raw or added to food after preparation and prior to consumption 
(Elviss et al., 2009). The drying of the herbs and spices can increase the ability of 
Salmonella to survive subsequent treatment, for example when food is processed 
(Gradl et al., 2015). Lots of fruit, vegetables and herbs are produced in one part of the 
world and consumed in a different part of the world assisting in the spread of the 
organisms (Elviss et al., 2009). 
Three points have been identified where fruits and vegetables can become 
contaminated with Salmonella. These are; in the field (Jacobsen and Bech 2012, 
Caldwell et al., 2003; Jalali et al., 2008), during the first stages of processing and in the 
kitchen (Jacobsen and Bech 2012, Caldwell et al., 2003) or site of preparation in service 
industry (Caldwell et al., 2003).  
One source of contamination in the field is the use of wastewater for the irrigation of 
crops (Elizaquıvel and Aznar 2008; Rooklidge 2004). While this has benefits for the 
plants it can also introduce pathogens that can survive on the crops. With tomatoes it 
has been shown that Salmonella bacteria on the flowers, stems and fruit can ultimately 
colonise the plant tissue (Winfield and Groisman 2003). In two outbreaks in the United 
States irrigation water has been indicated as the source of Salmonella (Levantesi et al., 
2012). 
Bacterial presence on fruits and vegetables is often associated with the rind of these 
items (Abadias et al., 2006). Improper washing and storage of fruits and vegetables 
will allow pathogens to grow (Caldwell et al., 2003). While in cantaloupe the rind acts 
to prevent the spread of bacteria to the interior mechanical damage, especially during 
preparation will allow bacteria such as Salmonella access to the inside tissue where 
they can grow and multiply (Caldwell et al., 2003). Growth of Salmonella has been 
observed in watermelon, honeydew melons as well as cantaloupe that were stored at 
room temperature (Ukuku and Sapers 2007). Among the bacteria that have been 
10 
 
detected on fruits and vegetables are Escherichia coli O157:H7, Salmonella, Shigella, 
Campylobacter and Listeria monocytogenes (Abadias et al., 2006; Abadias et al., 
2008). 
1.3.6 Humans 
Human faecal pollution contributes to the presence of pathogens such as Salmonella, 
Shigella, adenoviruses, noroviruses in surface waters (Ahmed et al., 2009; Levantesi 
et al., 2012). There is also evidence that humans can act as a source of Salmonella in 
animals being moved from the farm to the market (Padungtod and Kaneene 2006), and 
on the farm itself (Mølbak et al., 2006). In fact the human hands are a major contributor 
to faecal contamination (Cosby et al., 2008). It should be noted that washing of hands 
without drying them does not result in a decrease of pathogens that are present on the 
skin (Dawson et al., 2007). In Appendix A, Salmonella serovars that have been isolated 
from humans and human clinical samples are shown in Table A2. 
1.3.7 Contaminated surfaces 
Dishcloths, sponges and drains can act as a reservoir for Salmonella and other 
pathogens in the household kitchen (Alwakeel 2007; Dawson et al., 2007; Sharma et 
al., 2009; Tate 2006). Salmonella can form biofilms on surfaces such as plastic, glass, 
cement and stainless steel, which is commonly found in household kitchens 
(Steenackers et al., 2012). When used to wipe surfaces dishcloths and sponges can 
cause transfer of Salmonella bacteria to the surface being wiped and from other 
surfaces that have been wiped previously (Alwakeel 2007; Layton 2006; Sharma et al., 
2009; Tate 2006). If this surface is used for the preparation of food it has the potential 
of causing contamination of the food or other items placed on the surface. This is not 
only a problem in household kitchens but in child care centres as well. It is 
recommended that sponges are either dried or placed in boiling water for 5 minutes 
(Alwakeel 2007). Alternatively sponges can be cleaned in a dishwasher and cloths in a 
washing machine (Layton 2006) or with chemical disinfectants such as bleach (Tate 
2006). Sponges and cloths should also be replaced regularly (Layton 2006). 
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When it comes to the cleaning of kitchen surfaces it has been found that soap and water 
is ineffective for the removal of all pathogens and it is recommended that a disinfectant 
is used instead (Layton 2006). Proper personal hygiene should also be practised at all 
times (Alwakeel 2007). This is not only washing of hands, but proper drying as well 
(Dawson et al., 2007). 
Food preparation surfaces such as cutting boards can also be contaminated by the food 
items placed on it. Raw poultry like chicken is often a culprit in the contamination of 
these surfaces, as well as kitchen sinks, dishcloths, counters and drawer pulls (Dawson 
et al., 2007; Layton 2006; Oliveira et al., 2006). Moreover, if the utensils that have 
been used on the chicken are used with food items such as cooked chicken, that is ready 
to be consumed, without being cleaned properly this can lead to contamination of the 
food and subsequent infection (Layton 2006). Salmonella can be found on the shells of 
eggs and when the eggs are cracked prior to use part of the shell will come into contact 
with the contents of the egg. If the level of contamination is sufficiently high, this can 
lead to contamination, not only of the food being prepared, but also of other surfaces 
in the preparation area (Murchie et al., 2008). 
Among many people there is the belief that if a food item is dropped on a dirty surface 
and picked up quickly enough (within 5 seconds), that contamination is negligible 
(Dawson et al., 2007). This is in fact not true, and food that has been dropped on a dirty 
surface should rather be discarded (Dawson et al., 2007). 
1.4 Survival of Salmonella in the Environment 
Salmonella has the ability to survive in water, soil and food for long periods (Alcaine 
et al., 2005; Amagliani et al., 2012; Baniga et al., 2019), showing better survival in 
groundwater and eutrophied river water than Staphylococcus aureus and Vibrio 
cholerae (Winfield and Groisman 2003). It can survive on surfaces such as money, 
hands, dishcloths and utensils (Kusumaningrum et al., 2003). On hands Salmonella can 
survive washing with soap and water lasting 15 minutes, and can still be found on 
12 
 
finger tips after 3 hours (Kimura et al., 2005). On Formica, it has been shown to survive 
for at least 24 hours (Dawson et al., 2007). 
Where the soil has been improved through the addition of manure Salmonella can 
survive for up to 332 days (Jacobsen and Bech 2012; Winfield and Groisman 2003). In 
farm environments especially it can survive for long periods through movement 
between the different vectors of animals, excrement, soil and plants (Jacobsen and 
Bech 2012). While it cannot grow in food items such as chocolate it can survive for 
long periods in these items (Jasson et al., 2011; Komitopoulou and Penaloza 2009). 
Salmonella can survive for days on the shells of eggs (Murchie et al., 2008). 
Furthermore it can survive freezing, desiccation and relatively high salt conditions 
(Amagliani et al., 2012; Rhoades et al., 2009). When associated with low water activity 
(aw) foods the dose required to induce disease is lowered (Mattick et al., 2000). 
Salmonella Senftenberg has been shown to be more resistant to acidification, heating, 
desiccation and irradiation than other serovars (Lofstrom et al., 2006). Salmonella is 
sensitive to a low pH especially when in combination with low water activity 
(Amagliani et al., 2012). pH range for growth and survival is 4.0 to 9.5 (Wong et al., 
2007). 
The ability of Salmonella to survive in the environment is its ability to form biofilms 
(Habimana et al., 2010).This will be discussed in greater detail in Section 1.4.1. 
Salmonella can also be found in algal mats. Cladophora is an example of one such 
algae that acts as a reservoir for Salmonella (Sha et al., 2011). Salmonella also has the 
ability to survive in certain protozoa and amoeba (Spector and Kenyon 2012; Bleasdale 
et al., 2009). 
1.4.1 Biofilms 
Salmonella has the ability to form biofilms on inert as well as organic surfaces 
(Lunestad et al., 2007; Oikonomou et al., 2008). These are surfaces such as plastic, 
cement, glass, and stainless steel (Steenackers et al., 2012; Dawson et al., 2007; Vestby 
et al., 2009), which are not only common in areas of the food chain such as farm, 
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slaughterhouse and food processing industry, but also in bathrooms, toilets and 
kitchens (Steenackers et al., 2012). Salmonella can also form biofilms on polystyrene, 
a material commonly used in the food industry (Nair et al., 2015). It has been shown 
that Salmonella bacteria shed by people with diarrhoea can survive in biofilms in toilets 
for up to 4 weeks after the incidence of diarrhoea in spite of regular cleaning 
(Steenackers et al., 2012). 
Salmonella Typhi can also form biofilms, which helps it persist in humans (Raza et al., 
2011). There is also some indication that the ability of Salmonella Typhi to form 
biofilms contribute to the development of asymptomatic carrier state in certain patients 
(Raza et al., 2011). Salmonella Typhi, Salmonella Typhimurium and Salmonella 
Enteritidis can form biofilms on the surface of gallstones within a time frame of 14 
days and it has been demonstrated that the formation of biofilms by these bacteria is 
enhanced by the presence of bile despite its antimicrobial properties (Steenackers et 
al., 2012). 
Biofilms are bacterial populations that adhere to a surface or interface (Rayner et al., 
2004; Elhadidy and Abo Hashem 2011), that are enclosed by a matrix (Stepanovic et 
al., 2003; Raza et al., 2011) of extracellular polymeric substances (Simões et al., 2010; 
Steenackers et al., 2012; Rayner et al., 2004; Elhadidy and Abo Hashem 2011). While 
they are part of the biofilm bacteria display increased resistance to cleaning and 
sanitation (Stepanovic et al. 2003). The biofilm also provides protection against 
environmental stress, antibiotic and host immune response (Borges et al., 2018; Simões 
et al., 2010; Steenackers et al., 2012; Rayner et al., 2004; Elhadidy and Abo Hashem 
2011). This protection afforded to the bacteria in the biofilm makes their eradication 
from surfaces very difficult (Simões et al., 2010). Biofilms can also provide protection 
and nutrition to bacteria that do not normally produce biofilms thereby enhancing their 
ability to survive and spread (Simões et al., 2010). 
Biofilms are of importance to the food industry since they can serve as a source of 
contamination for food products (Stepanovic et al. 2003). They are also reported to be 
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involved in about 80% of bacterial infections (Raza et al., 2011). They can also cause 
corrosion in metal components (Stepanovic et al. 2003; Simões et al., 2010). Biofilms 
can also reduce the efficiency of heat exchangers if sufficient growth is allowed 
(Simões et al., 2010). 
1.5 Infection 
Salmonella infection can be obtained through ingestion of contaminated food (Alcaine 
et al., 2005; Baggesen et al., 1996) and water (Alcaine et al., 2005; Kapil 2005) and 
contact with infected animals (Alcaine et al., 2005; Sha et al., 2011), their environment 
(Cartwright et al., 2016) and humans (Gutema et al., 2019). If large numbers of people 
are involved this can result in disease outbreaks, a number of which are shown in Table 
A3 in Appendix A. 
Infection with Salmonella can lead to a variety of disease conditions (Baker and 
Dougan 2007), which can range from gastroenteritis to typhoid and paratyphoid fever 
(Arvanitidou et al., 2005; Chakroun et al., 2018; Schikora et al., 2008). Table A4 in 
Appendix A shows various conditions in humans that can be caused by Salmonella 
infections, while Table A5 shows disease conditions caused by specific Salmonella 
serovars in animals. While most of them have more than one elements in common, 
besides the health effect on the diseased animal is loss in productivity and abortions. 
Abortions will have an economic impact especially with animals such as cattle, sheep 
and horses, and even with cats and dogs. This would be because with these animals the 
raising of young is very important, not only for food production, but also for stud 
purposes. 
The infectious dose required to cause disease depends on factors such as the serovar. It 
can be as low as 15 to 20 cells (Chen et al., 2000), though lower doses are indicated in 
literature. Examples of infectious dose for humans, pigs and chickens are shown in 
Table 1.3. The starting point of Salmonella infection of humans is usually the ingestion 
of contaminated food or water (Fuentes et al., 2008). Once it has progresses past the 
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stomach and reaches the intestines Salmonella colonises the ileum and colon 
(Rodriguez et al., 2006).  
Table 1.3 Dose responses in Salmonella infections 
Serovar Host Dose  Reference 
Enteritidis Humans 6 cells per 65g serving 
Velazquez et al., 2000; 
Mølbak et al., 2006 
Pullorum Human 1010 cells Mølbak et al., 2006 
Salmonella spp. 
Chickens (1 – 7 days old) < 1 cell per gram feed Marin et al., 2011 
Humans 
105 cells 
Spector and Kenyon 
2012 
10 to 100 cells Tahergorabi et al., 2012 
Salmonella spp. Pigs 102 to 103 CFU 
Rostagno and Callaway 
2012 
Sofia Chickens (2 day old) 108 CFU Duffy et al., 2012 
Typhi Human < 105 cells Mølbak et al., 2006 
Typhimurium Human < 10 cells per 100g Mølbak et al., 2006 
 
Salmonella can also penetrate the intestinal epithelium (Ehrbar and Hardt 2005) 
through the Peyer’s patches and M cells (Rodriguez et al., 2006; Steve Yan et al., 2004; 
Spector and Kenyon 2012; Ibarra and Steele-Mortimer 2009). From here certain 
serovars can progress to the bloodstream and organs such as the liver and spleen 
(Fuentes et al., 2008; Steve Yan et al., 2004; Ibarra and Steele-Mortimer 2009) where 
it will result in systemic disease (Fuentes et al., 2008). 
Invasion of epithelial cells is mediated by the products of genes located on SPI-1 
(Boyen et al., 2006b; Schmidt and Hensel 2004). The resulting construct is called a 
type three secretion system (TTSS) and consists of hollow, needle-like structure and a 
pore-forming ring (Boyen et al., 2006b; Mølbak et al., 2006). The needle-like portion 
projects from the surface of the bacterial cell and has cylindrical base consisting of two 
outer rings and two inner rings, with the number of needle complexes present per 
bacteria vary from between 10 to 100 (Galan 1999). Components of the complex that 
have been identified are InvG, PrgH, PrgI, PrgJ and PrgK (Galan 1999; Gerlach and 
Hensel 2007a; Kimbrough and Miller 2002; Lostroh and Lee 2001). 
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This secretion system has been found in bacteria such as Salmonella, Yersinia, Shigella, 
Escherichia, and Pseudomonas (Gerlach and Hensel 2007a). It transports effector 
proteins into the cytoplasm of the host cell (Boyen et al., 2006b; Schmidt and Hensel 
2004) resulting in changes in the cytoskeleton of the host cell and ultimately the 
engulfment of the attached Salmonella bacteria by the host cell (Boyen et al., 2006b; 
Ibarra and Steele-Mortimer 2009). 
1.6 Disease 
Salmonella can cause a number of disease conditions in humans. Of these only three 
will be described in greater detail, namely: 
a. Non-typhoid salmonellosis - generally non-fatal, but it does affect a large 
number of people and under the right conditions can cause serious 
complications 
b. Enteric fever, or typhoid fever - a disease that can claim high number of 
casualties if not treated properly 
c. Meningitis - not commonly associated with Salmonella, but in young children 
it can lead to a high degree of fatalities, as well as other complications. 
1.6.1 Non-typhoid salmonellosis 
Most Salmonella infections result in temporary diarrhoea that does not require any 
treatment (Alcaine et al., 2005; Saulo 2007). Symptoms include diarrheoa, abdominal 
cramps, nausea, fever, vomiting, myalgia, and headaches (Álvarez-Ordóñez et al., 
2012; Andino and Hanning 2015; Gray 2011; Adzitey et al., 2012; Dourou et al., 2011), 
which can last between 7 and 10 days (Andrews-Polymenis et al., 2009; Kim et al., 
2007) and starts 12 to 72 hours after ingestion of contaminated item (Finstad et al., 
2012; Gray 2011). In individuals such as the elder the very young and immune 
compromised it can however lead to systemic infections (Chen et al., 2018; Arshad et 
al., 2008; Gray 2011; Adzitey et al., 2012).  
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1.6.2 Enteric fever 
Enteric fever is caused by Salmonella Typhi (Akinyemi et al., 2005; Baker et al., 2007; 
Baltazar et al., 2015; Adebolu et al., 2011; Pandit et al., 2008) as well as Salmonella 
Paratyphi A, Salmonella Paratyphi B, Salmonella Paratyphi C (Eze et al., 2011; Bell et 
al., 2016; Kudalkar et al., 2004; Pandit et al., 2008), and Salmonella Sendai (Card et 
al., 2016). It is restricted to humans (Akinyemi et al., 2005; Gordon 2008; Tran et al., 
2005; Bhunia et al., 2009) as these strains of Salmonella do not have other hosts 
(Akinyemi et al., 2005), though Salmonella Typhi have been isolated from camels 
(Swearingen et al., 2012). Transmission is most commonly through contaminated food 
and water (Akinyemi et al., 2005; Adebolu et al., 2011; Kumar et al., 2006), with water 
being the predominant source of infection (Levantesi et al., 2012). 
Salmonella Typhi is excreted in the stools of infected patients and while this usually 
clears up within several days of recovery a small percentage of infected people can 
become asymptomatic carriers of the bacteria (Raza et al., 2011; Jacobsen et al., 2011). 
This is of concern as the disease is communicable for as long as the patient is able to 
excrete the bacteria in their faeces (Raza et al., 2011). Urine can also be a source for 
contamination (Bhunia et al., 2009). 
The symptoms of enteric fever include abdominal distension, apathy, constipation, 
encephalopathy, fever, bradycardia, headache, haemorrhage, hepatosplenomegaly, 
leukopenia, loss of appetite, malaise, nausea, peritonitis, perforation, rash, and 
vomiting (Andino and Hanning 2015; Adebolu et al., 2011; Kumar et al., 2002; Uyigue 
and Anukam 2011; Bhunia et al., 2009). Depending on the bacterial dose the incubation 
stage can take from 5 to 21 days (Kudalkar et al., 2004; Santos et al., 2001). It should 
be noted that these symptoms are not unique to typhoid fever (Vollaard et al., 2005) 
and infections caused by other pathogens can present similarly (Akinyemi et al., 2005). 
In children enteric fever can present as septicaemia, diarrhoea, respiratory tract 
infections, abscesses of the liver and spleen, cerebellar ataxia, meningitis, cholecystitis, 
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chorea, palatal palsy, osteomyelitis, peritonitis, aphasia and psychosis (Zaki and 
Karande 2011). 
In developing countries in Africa, the Indian subcontinent and South and Central 
America it remains a problem (Akinyemi et al., 2005; Tahergorabi et al., 2012). The 
number of enteric fever cases reported in literature varies and range from between 12.0 
million to 33.0 million cases annually as shown in Appendix A in Table A6. 
Treatment of enteric fever makes use of antibiotic agents such as chloramphenicol, 
ampicillin and cotrimoxazole (Akinyemi et al., 2005). Indications are that this is done 
as soon as a clinical diagnosis is made, but without checking the antibiotic resistance 
profile of the infecting strain (Akinyemi et al., 2005). When treated correctly the 
mortality rate drops from 10% to less than 1% (Bhunia et al., 2009). 
When infection with Salmonella Typhi occurs along with that of Schistosoma, cells 
that are sensitive to antibiotics can be protected against antibiotic treatment by their 
association with the Schistosoma (Barnhill et al., 2011). If patients are treated for the 
Schistosoma infection without simultaneous treatment for the Salmonella infection this 
can lead to peracute septicaemia due to the sudden release of large numbers of 
Salmonella Typhi into the system (Barnhill et al., 2011). 
1.6.3 Meningitis 
Meningitis is rarely the result of Salmonella infections (Owusu-Ofori and Scheld 
2003). It is quite rare in developed countries, though fairly common in developing 
countries (Owusu-Ofori and Scheld 2003; Hung-Ming et al., 2011). In Latin America 
Salmonella is the leading cause of infantile meningitis, while in Africa it is in 4th place 
(Owusu-Ofori and Scheld 2003). Salmonella meningitis leads to brain damage and 
death (Owusu-Ofori and Scheld 2003; Visudhiphan et al., 1998; Hung-Ming et al., 
2011), with more patients dying from this form of meningitis than any other (Owusu-
Ofori and Scheld 2003). 
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1.7 Virulence and antibiotic resistance 
The incorrect use of antimicrobials in farm animals can lead to bacteria in the animals 
and their products developing resistance against the antimicrobial agents (Adesiyun et 
al., 2007; Gosalbes et al., 2016). These compounds are not only used to treat infections 
but also to promote the growth of animals (Bearson et al., 2014; Amagliani et al., 2012; 
Hur et al., 2012; Collignon and McEwen 2019). Antimicrobials in faecal matter can 
spread to water sources through various pollution pathways as well as through the use 
of manure in agriculture (Rooklidge 2004). If the water source happens to be 
groundwater or surface water chances are that humans can ingest the antimicrobials 
when they drink the water, at levels far below that required for therapeutic action 
(Rooklidge 2004). This along with the selective pressure exerted by the antimicrobials 
in water can lead to the proliferation of antimicrobial resistant bacteria (Rooklidge 
2004). Antibacterial compounds are increasingly used in household products 
(Rooklidge 2004). Often, especially in developing countries such as Ethiopia, 
antibiotics are also readily available and treatment courses are not always adhered to; 
contributing factors to the development of resistance (Khanal et al., 2007; Molla et al., 
2006; Schjørring and Krogfelt 2011). 
It has been shown that the use of antimicrobial agents is usually followed by resistance 
(Mevius 2008) and thus this increased use of antimicrobial agents can potentially lead 
to resistance against drugs that are used for the treatment of disease in humans 
(Rooklidge 2004). This will result in increased costs for treating infections as well as 
higher number of deaths (Colomer-Lluch et al., 2011). In theory however the 
development of resistance does not necessarily mean that an antibiotic can never again 
be used. In the absence of selective pressure provided by the antibiotic it is possible 
that the bacteria will lose their resistance, which would allow for use of the agent at 
some future date (Rooklidge 2004). 
Salmonella Typhimurium is one example of a Salmonella strain that is resistant to more 
than one type of antibiotic (Alban et al., 2002). Salmonella Typhimurium DT104 is 
20 
 
resistant to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracyclines 
(Antunes et al., 2005; Biendo et al., 2005; Hur et al., 2012; Boyen et al., 2008a). 
Antibiotic resistant Salmonella strains resistant to multiple antibiotics are shown in 
Appendix A in Table A7. It is important to note that while these may be prominent in 
literature they are not the only serovars resistant to more than one antibiotic. 
Typhoid epidemics in Mexico, India, South-east Asia, South Africa and the Philippines 
have raised doubts over the efficacy of drugs such as chloramphenicol, ampicillin, 
trimethoprim and cotrimoxazole (Akinyemi et al., 2005). 
There are a number of ways through which bacteria can develop resistance against 
antimicrobial agents (Rooklidge 2004). These can be production of enzymes that 
inactivate antimicrobial agents through degradation or structural modification, 
reduction of bacterial cell permeability to antibiotics, activation of antimicrobial efflux 
pumps, and modification of cellular drug targets (Hur et al., 2012; Blair et al., 2015; 
Kapil 2005; Bockstael and Van Aerschot 2009) and transfer of genes encoding 
resistance (Rooklidge 2004; Steve Yan et al., 2004; Kapil 2005; Bennett 2008).  
Resistance and virulence genes are carried on mobile genetic elements such as plasmids 
(Guerra et al., 2000; Jackson et al., 2011; Nogrady et al., 2005; Sun et al., 2009), 
transposons (Guerra et al., 2000; Kelly et al., 2008a; Nogrady et al., 2005), 
bacteriophages (Kelly et al., 2008a; Sun et al., 2009), genomic islands (Kelly et al., 
2008a), insertional elements (Kelly et al., 2008a), naked DNA (Sun et al., 2009), and 
integrons (Guerra et al., 2000; Kelly et al., 2008a; Nogrady et al., 2005) and can be 
spread through vertical and horizontal transmission (Guerra et al., 2000). Horizontal 
transmission refers to the transmission of genetic material between different bacteria 
(Kelly et al., 2008a; Bockstael and Van Aerschot 2009), which can occur through 
conjugation, transformation, and transduction (Steve Yan et al., 2004; Bennett 2008) 
and is different from vertical transmission where genetic material is passed from 
mother to daughter cell (Bockstael and Van Aerschot 2009). In the following section 
some of these elements will be discussed in greater detail. 
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1.7.1 Plasmids 
Plasmids are circular DNA molecules that exist in cells as extra-chromosomal replicons 
(Kelly et al., 2008a; Bennett 2008; Sun et al., 2009). Plasmids can carry elements that 
improve the ability of bacteria to survive in what would otherwise be hostile 
environments (Akiyama et al., 2011). These elements allow for resistance to antibiotics 
(Akiyama et al., 2011; Kelly et al., 2008a; Bennett 2008), as well as heavy metals 
(Bennett 2008), virulence factors (Akiyama et al., 2011) and additional catabolic 
activity (Akiyama et al., 2011; Kelly et al., 2008a). They also contain elements required 
for replication, and some may even have genes that favour stable inheritance in the host 
cell (Carattoli 2003). While some plasmids contain all the elements required for 
mobilization from one cell to another, others are non-self-transmissible and require 
mobilization proteins for transfer (Kelly et al., 2008a). 
Plasmids are divided into incompatibility groups, based on their ability to exist in the 
same cell line (Carattoli 2003; Kelly et al., 2008b; Rychlik et al., 2006). Plasmids that 
use the same replication machinery can usually not survive in the same cell, while those 
that do not can (Rychlik et al., 2006). 
The number and size of plasmids vary between different serovars, but in general 
plasmids are found in serovars that are associated with infection of humans (Duffy et 
al., 2012). 
1.7.1.1 Serovar-specific virulence plasmids 
Eight Salmonella serovars have been shown to carry serovar-specific virulence 
plasmids (Chu and Chiu 2006). The plasmids carry the spv operon, which plays a role 
in virulence expression in the host strain (Chu and Chiu 2006). While there are many 
similarities between the various plasmids, they are specific to their host strains (Chu 
and Chiu 2006). The different serovar-specific virulence plasmids are shown in Table 
1.4 along with the host strains and sizes of the plasmids.  
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Table 1.4 Serovar-specific virulence plasmids 
Strain Plasmid Size (kb) Reference 
Abortusequi pSTV 94.7 Chu and Chiu 2006 
Choleraesuis pSCV 50 Chu and Chiu 2006; Rodriguez-Pena et al., 1997 
Dublin pSDV 80 Chu and Chiu 2006; Rodriguez-Pena et al., 1997 
Enteritidis pSEV 60 Chu and Chiu 2006; Porwollik and McClelland 2003 
Sendai pSSV 285 Chu and Chiu 2006 
Typhi CT18 
pHCM1 218.15 Pai et al., 2003; Porwollik and McClelland 2003 
pHCM2 107.00 Porwollik and McClelland 2003 
Typhimurium pSTV 94.7 Chu and Chiu 2006; Herrero et al., 2006 
 
Recombinant virulence plasmids have been found in Salmonella Choleraesuis and 
Salmonella Typhimurium with sizes of 125 to 140 kb and 140 kb respectively (Chu 
and Chiu 2006). 
1.7.2 Transposons and Integrons 
Transposons are genetic elements that contain the transposase function that allows 
them to recombine into the chromosome of bacteria or into plasmids (Babakhani and 
Oloomi 2018; Kelly et al., 2008a). They are also called jumping genes as they have the 
ability to change their location (Kelly et al., 2008a). 
Integrons have a site-specific recombinase (integrase), which promotes the 
incorporation of foreign genes (Carattoli 2003; Steve Yan et al., 2004). Based on the 
similarity of the integrase protein Integrons are divided into 4 classes (Carattoli 2003; 
Guerra et al., 2000; Kwon et al., 2002) of which class 1 is most common in Salmonella 
(Guerra et al., 2004; Firoozeh et al., 2011). In class 1 integrons the integrase gene is 
located in the 5’ portion while the 3’ portion contains qacEΔ and sul1 genes for 
resistance to quaternary ammonium compounds and sulphonamides respectively. Most 
Integrons are associated with transposons, accounting for their mobility between 
bacterial chromosome and plasmids (Carattoli 2003). The class 1 integron In2 for 
example is associated with the tn21 transposon (Carattoli 2003). In104, a member of 
the In4 group (Jacobsen et al., 2011), contains the antibiotic resistance cluster of SGI1 
(Cloeckaert et al., 2006; Doublet et al., 2008; Golding et al., 2007; Levings et al., 2007). 
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1.7.3 Insertion Sequence (IS) elements 
IS elements can be found on plasmids as well as the genome of a wide range of bacteria 
(Kelly et al., 2008a). An IS element contains the transposase gene and has inverted 
repeats at either end (Kelly et al., 2008a). Recombination can take place through either 
transposition or homologous recombination (Kelly et al., 2008a). Their insertion can 
lead to the inactivation of genes (Schmidt and Hensel 2004), but when two or more of 
them combine it can cause the mobilisation of large portions of DNA (Schmidt and 
Hensel 2004). 
1.7.4 Pathogenicity islands 
Pathogenicity islands are regarded as segments of DNA that are present in pathogenic 
bacteria but absent in non-pathogenic bacteria (Blanc-Potard et al., 1999). They play 
an important role in the evolution of micro-organisms as their incorporation changes 
the very nature of what would otherwise be a benign organism (Blanc-Potard et al., 
1999). 
1.7.4.1 Salmonella genomic island 1 (SG1) 
This genetic element as a size of 43kb (Bugarel et al., 2011; Boyd et al., 2008; Chiu et 
al., 2007; Vo et al., 2007; Weill et al., 2006). In Salmonella Typhimurium DT104 it 
contains the genes that confer multidrug resistance to the bacterium (Hur et al., 2012) 
and is located between the thdF and int2 genes (Cloeckaert et al., 2006; Golding et al., 
2007). Since this genetic element is incorporated into the chromosome of Salmonella 
Typhimurium DT104 it means that the resistance genes will be retained even in the 
absence of selective pressure (Hur et al., 2012; Mulvey et al., 2006). Several variants 
have been found and have been named SGI1-A to SGI1-L (Chiu et al., 2007; Vo et al., 
2007). SGI-1 has also been detected in serovars such as Salmonella Agona, Salmonella 
Albany, Salmonella Paratyphi B, Salmonella Meleagridis, Salmonella Newport, 
Salmonella Derby, Salmonella Cerro, Salmonella Kiambu, Salmonella Emek and 
Salmonella Infantis (Hur et al., 2012; Doublet et al., 2008; Golding et al., 2007; Mulvey 
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et al., 2006). In these serovars SGI-1 is located between the thdF and yidY genes 
(Cloeckaert et al., 2006; Levings et al., 2007; Weill et al., 2006). This ability to move 
between bacteria is of concern as this transfer can give multi drug resistance to the 
recipient serovars similar to that of Salmonella Typhimurium DT104 (Hur et al., 2012; 
Mulvey et al., 2006). There have also been reports of SGI-1 being transferred to 
Escherichia coli (Hur et al., 2012; Kelly et al., 2008b; Vo et al., 2007) and it has been 
identified in Proteus mirabilis isolates (Doublet et al., 2008). Potential attachment sites 
have also been identified on the chromosomes of pathogens such as Vibrio and 
Shigella, indicating the potential for appearance of SGI-1 in these pathogens (Doublet 
et al., 2008). 
1.7.4.2 Salmonella pathogenicity island 1 (SPI-1) 
SPI-1 has a size of approximately 40 kb and encodes about 29 genes (Kelly et al., 
2008a). The G+C contains of SPI-1 is 47%, lower than the 52% of the genome 
(Schmidt and Hensel 2004). The SPI-1 of Salmonella Sofia contains a 1.2 kb fragment 
that is not found in other Salmonella serovars and which is believed to encode for a 
transposase (Duffy et al., 2012). The genes that are located on SPI-1 are required for; 
invasion of epithelial cells (Hur et al., 2012; Blanc-Potard et al., 1999; Brumme et al., 
2007) and induction of intestinal secretory and inflammatory responses (Hur et al., 
2012; Brumme et al., 2007), as well as macrophage apoptosis (Blanc-Potard et al., 
1999; Brumme et al., 2007). The transfer of effector proteins is mediated by a type 3 
secretion system, which is encoded by genes located on SPI-1 (Elhadad et al., 2015; 
Schmidt and Hensel 2004). Some of these genes are indicated in Table 1.5. 
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Table 1.5 SPI-1 genes 
Gene Function Reference 
hilA Regulation of Type III secretion system 
Guo et al., 2000; Kimbrough and 
Miller 2002; Schmidt and Hensel 
2004 
hilC Regulator gene Schmidt and Hensel 2004 
hilD Regulator gene 
Kimbrough and Miller 2002; 
Schmidt and Hensel 2004 
invF Regulator gene 
Kimbrough and Miller 2002; 
Schmidt and Hensel 2004 
sipA Inhibits depolymerisation of actin filaments Hansen-Wester and Hensel 2001 
sipB Induce macrophage apoptosis Hansen-Wester and Hensel 2001 
sipC Role in actin bundling Hansen-Wester and Hensel 2001 
sirC Regulator gene Kimbrough and Miller 2002 
sprB Regulator gene Kimbrough and Miller 2002 
 
1.7.4.3 Salmonella pathogenicity island 2 (SPI-2) 
SPI-2 genes are required for Salmonella to replicate intracellular (Hur et al., 2012; 
Blanc-Potard et al., 1999; Boyen et al., 2008b; Eswarappa et al., 2009) and allows it to 
spread beyond the epithelium (Hur et al., 2012). SPI-2 is also responsible for the 
delayed apoptosis of macrophages (Brumme et al., 2007). It is located at 31 min 
(Eswarappa et al., 2009; Eswarappa et al., 2008), downstream of the tRNAVal locus 
(Blanc-Potard et al., 1999; Hensel 2004; Kelly et al., 2008a) and has a size of 40 
kilobases (Blanc-Potard et al., 1999; Eswarappa et al., 2009; Hensel 2004; Eswarappa 
et al., 2008), with 42 open reading frames (Kelly et al., 2008a). SPI-2 consists of two 
elements, which will be referred to as element 1 and 2 and which are shown in Table 
1.6. The genes of SPI-2 are activated when Salmonella infects a macrophage (Coombes 
et al., 2004). SPI-2 genes are essential for the formation and maintenance of the 
Salmonella containing vacuole (SCV), which is the vacuole in which the bacteria 
survive and replicate (Coombes et al., 2004; Gerlach et al., 2007a). 
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Table 1.6 Elements of SPI-2 (Schmidt and Hensel 2004) 
Element Size (kb) Gene present Function 
1 14.5 ttr tetrathionate reduction 
2 25.0 
ssa Type 3 Secretions system 
ssr Secretion system regulation 
ssc Chaperone genes 
sse 
Secretion system effector 
proteins 
 
1.7.4.4 Salmonella pathogenicity island 3 (SPI-3) 
SPI-3 is located next to the selC tRNA locus at 82 min (Blanc-Potard et al., 1999; 
Eswarappa et al., 2009; Schmidt and Hensel 2004) and has a size of 17 kb (Eswarappa 
et al., 2009; Hensel 2004; Kelly et al., 2008a; Eswarappa et al., 2008). It is smaller than 
SPI-1 and SPI-2 (Courtney et al., 2006). Some believe that it compliments SPI-1 and 
SPI-2 (Courtney et al., 2006). The main feature of SPI-3 is the mgtBC operon 
(Courtney et al., 2006), which is involved in magnesium transport (Gerlach et al., 
2007b; Hensel 2004) and allows the bacteria to survive in low Mg2+ environments 
(Courtney et al., 2006; Kelly et al., 2008a). A gene encoding for a putative type 5 
secretion system, misL, has also been identified on SPI-3 (Schmidt and Hensel 2004). 
1.7.4.5 Salmonella pathogenicity island 4 (SPI-4) 
SPI-4 contains the gene for SigDE, which can also be produced by SPI-1, and plays a 
role in the invasion of epithelial cells (Courtney et al., 2006). It is located at 92 min 
(Eswarappa et al., 2009; Eswarappa et al., 2008) next to a tRNA-like ssb gene (Hensel 
2004; Kelly et al., 2008a) and is 27 kb long (Eswarappa et al., 2009; Hensel 2004; 
Eswarappa et al., 2008). A Putative Type I secretion system (T1SS) has been identified 
(Hensel 2004; Schmidt and Hensel 2004; Jacobsen et al., 2011). SPI-4 furthermore 
encode for SiiE, a susbstrate protein of the T1SS (Jacobsen et al., 2011). 
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1.7.4.6 Salmonella pathogenicity island 5 (SPI-5) 
This 7 kb (Kelly et al., 2008a; Schmidt and Hensel 2004) pathogenicity island is located 
at 20 min (Eswarappa et al., 2009; Eswarappa et al., 2008), between serT and 
copS/copR (Kelly et al., 2008a; Schmidt and Hensel 2004) and is involved in 
enteropathogenicity (Eswarappa et al., 2009; Eswarappa et al., 2008). The sopB and 
pipB genes, encode effector proteins of the SPI-1 TTSS and SPI-2 TTSS respectively 
(Kelly et al., 2008a; Schmidt and Hensel 2004). This pathogenicity island was first 
isolated in Salmonella Dublin (Jacobsen et al., 2011). 
1.7.4.7 Salmonella pathogenicity island 6 (SPI-6) 
SPI-6 is found next to the aspV tRNA gene (Kelly et al., 2008a) and is 59 kb long 
(Kelly et al., 2008a). Genes that have been identified include the saf cluster and pagN, 
which encode for Salmonella atypical fimbriae and a putative invasion protein 
respectively (Kelly et al., 2008a). 
1.7.4.8 Salmonella pathogenicity island 7 (SPI-7) 
SPI-7 is also referred to as Major Pathogenicity Island (Hensel 2004). It is limited to 
Salmonella Typhi, Salmonella Dublin and Salmonella Paratyphi C (Hensel 2004; Kelly 
et al., 2008a; Nieto et al., 2016; Seth-Smith 2008). SPI-7 can be found next to tRNA 
pheU and has a size of 133 kb (Hensel 2004; Kelly et al., 2008a; Seth-Smith 2008), 
with a G+C content of around 49.7% (Nieto et al., 2016). Factors that have been 
identified include the Vi antigen, SopE effector protein and a type IVB pilus (Hensel 
2004; Kelly et al., 2008a; Seth-Smith 2008). It has been shown to be an unstable genetic 
element and can be spontaneously lost (Kelly et al., 2008a), although in general it is 
maintained through selective pressure (Seth-Smith 2008). 
1.7.4.9 Salmonella pathogenicity island 8 (SPI-8) 
SPI-8 is a 6.8 kb genetic element that is located in the genome of Salmonella Typhi 
next to the pheV tRNA gene (Hensel 2004; Kelly et al., 2008a). It seems to be specific 
for Salmonella Typhi and while this is not yet confirmed (Hensel 2004), an integrase 
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gene has been identified, which raises the possibility that it could be mobile (Kelly et 
al., 2008a). 
1.7.4.10 Salmonella pathogenicity island 9 (SPI-9) 
This pathogenicity island is 16.281 kb big and is found in the chromosome of 
Salmonella Typhi (Hensel 2004). SPI-9 contains a type I secretion system as well as a 
RTX-like protein (Hensel 2004; Kelly et al., 2008a). It has also been identified in 
Salmonella Typhimurium and elements of it have been located in other Salmonella 
serovars (Hensel 2004). 
1.7.4.11 Salmonella pathogenicity island 10 (SPI-10) 
SPI-10 is 32.8 kb big and is located adjacent to tRNA leuX (Hensel 2004; Kelly et al., 
2008a). It encodes for the Sef fimbriae (Hensel 2004; Kelly et al., 2008a), which is 
restricted to serovars such as Salmonella Typhi and Salmonella Typhimurium (Hensel 
2004), and which is believed to play a role in determining host specificity (Hensel 
2004). A cryptic bacteriophage has also been identified (Kelly et al., 2008a). 
1.7.4.12 Salmonella pathogenicity island 13 (SPI-13) 
SPI-13 was first discovered in Salmonella Gallinarum. It has a G+C content of 48.1% 
and is located adjacent to tRNA pheV (Elder et al., 2016). 
1.7.4.13 Salmonella pathogenicity island 18 (SPI-18) 
SPI-18 is found in Salmonella Typhi and Salmonella Paratyphi A. It is referred to as a 
genomic islet and codes for the invasion associated protein TaiA and poreforming 
hemolysin HlyE (den Bakker et al., 2011). 
1.8 Detection of Salmonella 
The impact that Salmonella has on human and animal health and therefor the economy 
makes the detection and control of this organism a priority. In the section that follows 
various techniques that can be used for the detection and identification of Salmonella 
29 
 
will be presented. Some of the methods described such as microbiological media, 
phage typing, serotyping and PFGE require the isolation of bacterial cells to work 
properly. The last two methods described (PCR and real-time PCR) can be performed 
not only on isolated cells, but directly on the samples themselves. 
1.8.1 Detection using microbiological media 
The standard method (ISO 6579:2005) for the detection of Salmonella which has been 
used as golden standard up to now consists of a number of steps. First a sample of the 
item to be tested is enriched in non-selective media. This allows injured Salmonella 
cells to recover and multiply (Afflu and Gyles 1997; Bennett et al., 1999; Liao and Fett 
2003; Wray and Wray 2000). Studies have looked at the time required and found that 
overnight incubation was best (de Boer 1998). An aliquot of this is used for selective 
enrichment, which is the second step. The media used here contain chemicals that 
inhibit the growth of competing bacteria to a greater extent than that of Salmonella 
with the result that the growth media is enriched for Salmonella (Afflu and Gyles 
1997). The third step is similar to the second except that plate media is used. The 
change to solid media allows for the detection of discrete colonies that can be identified 
as potential Salmonella (Afflu and Gyles 1997; Mazumdar et al., 2007). As this 
identification is only presumptive biochemical screening must be used in the final step 
order to confirm whether the colony is in fact Salmonella (Afflu and Gyles 1997; 
Cocolin et al., 2011).  
The classical ISO 6579:2005 method makes use of incubation in BPW at 37°C for 
approximately 18 hours for the first step (Jasson et al., 2011). For the second step RVS 
and Muller–Kauffmann tetrathionate novobiocin broth are used in parallel (Jasson et 
al., 2011). While incubation in RVS is done at 42.5°C for approximately 24 hours 
incubation in Muller–Kauffmann tetrathionate novobiocin broth is done at 37°C for the 
same amount of time (Jasson et al., 2011). For plating out on solid media XLD and a 
second type of media is used. Incubation is for 37°C for approximately 24 hours (Jasson 
et al., 2011). In Table 1.7 various media that can be used in the three different stages, 
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as taken from Table B1 in Appendix B, is shown. Table 1.7 does not however describe 
any combinations of media, as this is done in Table B1. While there are numerous 
combinations of media that can be used for the detection of Salmonella there is no 
single method that can be used for all types of samples (Mølbak et al., 2006).  
Table 1.7 Media for use in identication of Salmonella 
Step Media 
Primary enrichment 
BPW, Lactose broth, Enterobacteriaceae 
enrichment broth 
Secondary enrichment RV, RVS, Selenite cysteine broth 
Selective plate media XLD, Salmonella-Shigella agar, Rambach agar 
 
The drawback of conventional methods such as ISO 6579:2005 is that it takes several 
days to obtain positive results (Jasson et al., 2011; Koyuncu et al., 2011) and is very 
labour intensive (Bohaychuk et al., 2007; Vázquez-Novelle et al., 2006). This can be a 
major problem in instances where results are urgently required. Since there is no single 
combination of media that can be used for all samples, testing may be required to find 
the best combination for the samples being tested (Mølbak et al., 2006; Wray and Wray 
2000), and if different samples types are being analysed this may mean that a large 
number of different media might have to be purchased. 
Complications do however exist in that Salmonella can enter what is referred to as the 
viable but nonculturable (VBNC) state. When Salmonella is placed under conditions 
of stress such as nutrient deprivation, the cells will undergo changes that allow them to 
assume this dormant VBNC state (Abdallah et al., 2008; Winfield and Groisman 2003), 
during which it cannot be cultered using laboratory techniques (Winfield and Groisman 
2003; Rowan 2011). While these changes may result in the loss of certain abilities 
Salmonella can be resuscitated once favourable conditions are restored and can even 
recover those abilities that had been lost (Abdallah et al., 2008). It has also been shown 
that some mRNA species are not produced in this state, which may lead to false 
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negative results if reverse transcription-PCR is used for the detection of viable cells 
(Girones et al., 2010). 
Another complication is that sub-clinically infected animals can present as negative 
using standard media based testing (Carli et al., 2001; Eyigor et al., 2002). The methods 
are also generally specific for one type of organism (Kong et al., 2002). In order to 
address these shortcomings various alternative methods have been developed over the 
years (Jasson et al., 2011).  
1.8.2 Phage typing 
Phage typing is based on the selective infection of bacteria by bacteriophages (Steve 
Yan et al., 2004). It is routinely used for the subtyping of Salmonella Enteritidis (Silva 
and Gibbs 2012), but has low powers of discrimination and requires specialised phage 
collections (Steve Yan et al., 2004) that are not commonly available (Silva and Gibbs 
2012). There is also the issue of Salmonella strains that cannot be phage typed as well 
as strains where phage conversion (changing of phage type) takes place (Cho et al., 
2008). 
1.8.3 Serotyping 
The most commonly used method for the typing of Salmonella is the Kauffmann–
White serotyping classification scheme (Albufera et al., 2009; Akiba et al., 2011; 
Torpdahl et al., 2005). The combination of 50 O serogroups and 114 H antigens have 
been used for the identification of more than 2500 serotypes (Albufera et al., 2009; 
Akiba et al., 2011). A drawback of this technique is the requirement for 250 different 
typing sera and 350 different antigens, which are used to prepare and monitor the 
quality of the antisera, and which are not always commercially sold (Albufera et al., 
2009). This makes this procedure labour intensive and time consuming (Akiba et al., 
2011; Yang et al., 2019), as well as complicated and expensive (Liu et al., 2011). The 
value of serotyping as epidemiological tool is also somewhat limited (Albufera et al., 
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2009), as not all Salmonella strains can be typed using this method (Fitzgerald et al., 
2006). 
1.8.4 Pulsed-field gel electrophoresis (PFGE) 
PFGE is based on DNA isolation and restriction fragment analysis (Steve Yan et al., 
2004). The DNA fragments that are generated by restriction enzyme digestion are 
separated under conditions of alternating polarity, which allows for the resolution of 
larger fragments than that obtained with traditional gel electrophoresis (Steve Yan et 
al., 2004). The result is a DNA fingerprint of the bacterial genome (Steve Yan et al., 
2004). It is commonly used by agencies such as the USDA and CDC (Stepan et al., 
2011). 
PFGE is usually regarded as the gold standard for the molecular typing of Salmonella 
(Asai et al., 2010; Lofstrom et al., 2006; Steve Yan et al., 2004) and numerous profiles 
are available in the CDC’s pulsenet database (Steve Yan et al., 2004). In the 
differentiation of Salmonella Typhimurium isolates it has been found to perform better 
that Multi-Locus Sequence Typing (Stepan et al., 2011). 
Some bacterial strains however might not exhibit good digestion with the restriction 
enzymes used, and the process can take a long time to perform (Stepan et al., 2011). 
Some Salmonella serotypes such as Salmonella Enteritidis and Salmonella Hadar can 
be problematic and require multiple enzymes for the technique to give good results 
(Stepan et al., 2011). 
1.8.5 Polymerase chain reaction (PCR) 
Polymerase Chain Reaction (PCR) is based on the amplification of a specific DNA 
sequence up to 1 million times in a short time period (Gebreyes 2003; Naravaneni and 
Jamil 2005). This is achieved through a series of cycles in which the target nucleic acid 
is denatured, annealed with primers, and extended using a thermostable polymerase 
enzyme (Postollec et al., 2011). Since PCR makes use of the detection of specific gene 
fragments it can be used for mixed cultures (Eady et al., 2019; Postollec et al., 2011). 
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It is a flexible detection system and reactions can be set up so that multiple pathogens 
can be detected in a single reaction (Elizaquıvel and Aznar 2008; Settanni and Corsetti 
2007), reducing the time and cost involved with testing procedures (Elizaquıvel and 
Aznar 2008).  
PCR-based techniques can detect pathogenic organisms regardless of their 
physiological state (Cocolin et al., 2011). The positive of this is that stressed and 
injured cells are detected eliminating false negative results (Cocolin et al., 2011) which 
are found in other techniques. The downside is that pathogens which are dead and 
might not pose a health risk are also detected (Cocolin et al., 2011; McCabe et al., 
2011; Amagliani et al., 2012; Postollec et al., 2011), which will result in the potential 
threat being overestimated (Nocker and Camper 2006). This can be addressed by the 
addition of an enrichment step (Amagliani et al., 2012; Burtscher and Wuertz 2003; 
Morin et al., 2004) as it is generally accepted that a positive result implies the presence 
of live pathogens capable of propagating (Cocolin et al., 2011; McCabe et al., 2011). 
Alternatives are detection of mRNA by using reverse transcription PCR (Cocolin et al., 
2011; Burtscher and Wuertz 2003; Lee and Levin 2009) since mRNA is unstable and 
will rapidly degrade (McCabe et al., 2011; Girones et al., 2010; Morin et al., 2004), 
and exclusion of dead cells through the use of intercalating dyes such as ethidium 
monoazide (Cocolin et al., 2011; Girones et al., 2010; Wagner et al., 2008) or 
propidium monoazide and ethidium bromide monoazide (Girones et al., 2010; Lee and 
Levin 2009; Wagner et al., 2008). These dyes function on the principle that non-viable 
cells do not have intact membranes (Girones et al., 2010). The dyes can enter cells with 
compromised membranes where it will intercalate into the DNA (Barbau-Piednoir et 
al., 2014). The interaction between the DNA and Dye can be made into a covalent bond 
through photo-activation (Girones et al., 2010; Lee and Levin 2009; Nocker and 
Camper 2006). This combination is highly inhibitory to amplification thus effectively 
removing the cells from the population (Girones et al., 2010; Nocker and Camper 
2006). The presence of dead pathogens are still important however as it can indicate 
the presence of contaminating factors (Cocolin et al., 2011). 
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While considered highly unstable it should be remembered that certain mRNA species 
can survive for long periods of time (Girones et al., 2010). Certain mRNA species are 
also not produced when the bacteria are in the VBNC state and care must be taken to 
avoid contamination with genomic DNA (Girones et al., 2010) 
PCR based methods can be sensitive to inhibiting substances found in samples (Cocolin 
et al., 2011), such as bilirubin, bile salts, chelating agents, humic acids, fats, and 
proteins (Burtscher and Wuertz 2003; Amavisit et al., 2001b; Chiu and Ou 1996). This 
can especially be a problem in hard to analyse items that contain pathogens in low 
numbers (Cocolin et al., 2011). Protocols do exist to extract DNA from various 
samples, but they might not always be effective in the removal of inhibiting substances 
(Cocolin et al., 2011). Internal; amplification controls are non-target DNA sequences 
that are present along with the target sequence and which will be amplified as well 
(Oikonomou et al., 2008). The presence or absence of this amplification product will 
give an indication of the presence of inhibiting compounds (Cocolin et al., 2011; 
McCabe et al., 2011; Postollec et al., 2011). Chemicals such as BSA, Triton X-100 and 
Tween 20 can also be added to the reaction mixture to alleviate inhibition (Cocolin et 
al., 2011) in instances where the inhibitory substances cannot be readily removed. 
PCR includes a confirmational step such as electrophoresis (De Medici et al., 2003) for 
the separation of PCR products (Gebreyes 2003). Not only does it require a certain 
level of skill, but it is laborious and time consuming (De Medici et al., 2003). 
1.8.6 Real-time PCR 
Real-time PCR is based on the same principle as PCR but in real-time PCR the target 
sequence is detected while it is being amplified (Cocolin et al., 2011) by using 
fluorescent reporters (Postollec et al., 2011). By plotting the increasing fluorescence 
against the number of cycles an amplification curve can be generated (Postollec et al., 
2011). The point at which the fluorescence becomes significantly greater than that of 
the background fluorescence is referred to as the quantification cycle (Cq) or the cycle 
threshold (Ct) (Postollec et al., 2011; Wong and Medrano 2005). As there is a 
35 
 
correlation between the Cq value and the initial amount of template the Cq value can 
be used for relative and absolute quantification of the target nucleic acid (Postollec et 
al., 2011; Wong and Medrano 2005). Absolute quantification requires the use of a 
standard curve with known values (Liss 2002; Dhanasekaran et al. 2010). In relative 
quantification a comparison is made between the target and a reference (Pfaffl 2001). 
Since it does not require the use of a standard curve it it easier to perform that absolute 
quantification (Pfaffl 2003). 
Because the process takes place in real time there is no requirement for handling of the 
sample afterwards, which reduces the time required for testing (Cocolin et al., 2011). 
This has made it a preferred method of testing (Fachmann et al., 2015). The use of a 
closed tube system also minimized cross contamination of samples (Bohaychuk et al., 
2007; Espy et al., 2006), as post amplification manipulation of samples are not required 
(Wong and Medrano 2005). Detection of the target can either be sequence specific or 
non-sequence specific (Cocolin et al., 2011). While the former makes use of DNA 
binding dyes (Cocolin et al., 2011) the latter uses probes that are tailored to detect 
specific DNA sequences. 
DNA binding dyes that are used for real-time PCR include Hoeschst 33258 (Cocolin 
et al., 2011), SYBR Gold (Glynn et al., 2006), SYBR Green I (Cocolin et al., 2011; De 
Medici et al., 2003; Glynn et al., 2006), SYBR GreenER (Cocolin et al., 2011), SYTO 
9 (Cocolin et al., 2011), EvaGreen (Cocolin et al., 2011), LCGreen (Cocolin et al., 
2011) and CHROMOFY (Cocolin et al., 2011). Since it binds to double stranded DNA 
(Espy et al., 2006; Law et al., 2015), the DNA binding dyes will detect any product 
formed during amplification (Cocolin et al., 2011; Wong and Medrano 2005). While 
this increases the versatility of the technique (Cocolin et al., 2011) it also means that 
even non-specific products such as primer dimers will be detected, which can lead to 
false positive results (Cocolin et al., 2011; Law et al., 2015; Wong and Medrano 2005). 
They are often used for screening assays where further analysis of specimens is 
required (Espy et al., 2006). Multiplexing with DNA binding dyes is possible by 
making use of melt curve analysis (Espy et al., 2006). Depending on their G+C content 
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and size, different amplification products will dissociate, or melt, at different 
temperatures. By determining this point different products can be distinguished (Espy 
et al., 2006). 
A variety of fluorogenic probes such as TaqMan probes (Cocolin et al., 2011; Girones 
et al., 2010; Bohaychuk et al., 2007; Elizaquıvel and Aznar 2008), molecular beacons 
(Cocolin et al., 2011; Bohaychuk et al., 2007; Elizaquıvel and Aznar 2008), LUX 
primers (Bohaychuk et al., 2007; Wong and Medrano 2005), hybridization probes 
(Cocolin et al., 2011), sunrise primers (Wong and Medrano 2005) and scorpion probes 
(Cocolin et al., 2011; Girones et al., 2010; Bohaychuk et al., 2007; Elizaquıvel and 
Aznar 2008) are available for real-time PCR. They will be discussed in greater detail 
in the following section. 
Since they target specific sequences unwanted products such as primer dimers will not 
be detected (Cocolin et al., 2011). By labelling probes with distinctive reporter dyes 
more than 1 target can be detected in the same reaction tube (Cocolin et al., 2011). The 
multiplexing of PCR reactions has definite advantages, but it is limited by dye 
combinations that can be used successfully together (Cocolin et al., 2011). Care must 
also be taken to ensure that the amplification efficiency for all targets is the same 
(Cocolin et al., 2011). It is also important to note that primers used for traditional PCR 
applications need to be tested first before use in real-time PCR to determine their 
sensitivity and specificity (Csordas et al., 2004). 
Real-time has been shown to be a good choice for the detection of Salmonella in food, 
though pre-enrichment of samples may be required because of the low number of 
bacterial cells present in food (Maciel et al., 2011). 
1.9 Problem Statement 
Animal feed has been identified as one of the routes through which Salmonella can be 
transmitted to animals and even humans. In the case of humans it is mostly through 
contact and bad hygiene, while with animals it will mostly be through ingestion of 
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contaminated feed. As illustrated in the text this can lead to various diseases along with 
subsequent loss in production as well as costs incurred for treatment. 
In many instances however the infected animals do not display any disease symptoms. 
These animals can spread Salmonella to uninfected animals, as well as excrete the 
bacteria in their faeces. This, in turn can ultimately lead to contamination of water 
sources. When infected animals are slaughtered and the meat consumed this has the 
potential for causing infections in humans. In a country such as South Africa there are 
many families engaging in subsistence farming, producing only enough for themselves. 
Meat and other farm produce are also frequently available for sale on farm markets, 
without testing of any kind having being done beforehand. 
Detection and control of Salmonella is of critical importance. Ensuring a good quality 
animal feed will play a role in reducing the incidence of Salmonella in animals and 
therefore losses due to illness and additional treatment of products. Points of testing 
would include the components used to make the animal feed, the finished product as 
well as various points in the production chain. The tests that are used to detect the 
presence of Salmonella need to be accurate as well as fast. To produce the quantities 
of animal feed that is required for agriculture and domestic animals, animal feed plants 
must process huge quantities every day. Long delays in getting results of tests will 
inevitably add a huge cost burden to the operation and reduce profits greatly. The tests 
also need to be sensitive, as Salmonella may not be present in animal feed in large 
numbers. 
Standard microbiological testing for Salmonella requires several days for a negative 
result and even longer for the confirmation of a positive. Real-time PCR is a sensitive 
method that has found application in the testing of Salmonella in clinical and food 
samples. It has also been used to test for Salmonella in animal feed (Koyuncu et al., 
2010). The speed and sensitivity of real-time PCR means that it has great potential for 
the fast and efficient detection of Salmonella in animal feed. 
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There is however one more aspect that need to be taken into account. In a country such 
as South Africa the kits that are required for these tests will usually have to be imported 
from overseas where they are produced. This could mean further costs in the form of 
transport fees and even import taxes on top of standard operating costs. This is further 
complicated by a volatile rand dollar exchange rate, which could have a large influence 
of the price of imports. 
1.10 Aims of the study 
The aim of the study is to look at the detection of Salmonella in animal feed samples 
using commercial real-time PCR kits and a protocol obtained from literature. 
1.11 Objectives of the study 
The real-time protocols will be compared to conventional culture-based detection 
methods and conventional PCR. They will also be compared to each other with regards 
to pricing, run time and ease of use. 
1.12 Novelty of study 
In the literature studied only 1 article (Koyuncu et al., 2010) was found that compared 
real-time PCR kits for the detection of Salmonella in animal feed. None of the kits that 
were used in this study however was used in that particular study. To our knowledge 
none of the real-time PCR kits used in this study has ever been used with the DNA 
extraction method employed. 
The DNA extraction method along with the conventional PCR has been used by fellow 
researchers for the detection of Salmonella in water and faecal samples (Keshav et al., 
2010; Mieta 2009; Mieta et al., 2010), but to our knowledge they have never been used 
for the detection of Salmonella in animal feed samples. 
The study also examines more conventional microbiological methods, not only looking 
at a wide variety of media and media combinations but also their impact on further 
microbiological methods as well as molecular methods used. 
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Finally, there is no evidence of any study in literature that looks not only at the 
functioning of the kits studied, but also studies factors such as cost and ease of use. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 Materials 
All chemicals used in this study were of molecular grade, were purchased from 
commercial sources and used without any further purification. 
2.2 Animal feed samples 
Animal feed samples were provided by Epol and obtained as part of a collaboration 
with Prof. Mike Dutton. Since the samples did not have names they were arbitrarily 
numbered starting with one. 
2.3 Conventional culture based detection of Salmonella 
Detection of Salmonella was based on the ISO 6579:2002 method. The different media 
and supplements used in this study are shown in Appendix C, along with the companies 
that they were bought from. 
2.3.1 Preparation of media 
All media was prepared according to instructions provided by manufacturers, as set out 
in Appendix C.  
2.3.2 Procedure 
A flow diagram of the culture method is shown in Figure 2.1. It will be discussed in 
greater detail in the following section. 
2.3.2.1 Pre-enrichment 
Twenty-five gram portions of the animal feed samples were weighed out and 
transferred to 225 ml pre-warmed BPW and lactose broth. This was then incubated at 
37°C for 16-20h.  
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Figure 2.1 Flow diagram of culture method and molecular methods used to analyse the animal feed samples 
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At the first run time was noted for use in subsequent runs. At the end of the incubation 
time 2 ml samples was taken from the BPW and lactose broth samples for further 
analysis. The rest of the broth was used for inoculation of the selective enrichment 
media. 
2.3.2.2 Selective enrichment 
One hundred microliter of the BPW sample was inoculated into 10 ml of RV, 10 ml of 
RVS and 10 ml tetrathionate broth. For MSRV plates 50 ul of broth was pipetted in 
surface of plate and carefully spread out using a disposable spreader (VWR). Similarly 
0.1 ml of lactose broth media was inoculated into RV, RVS and tetrathionate broth and 
50 ul of broth plated out on MSRV broth. All media were incubated at 42°C for 21-
27h. 
2.3.2.3 Selective growth on plate media 
For the final growth step Bismuth Sulphite agar, Brilliant green agar, Brilliant green 
agar modified, CHROMagar Salmonella, Harlequin Salmonella ABC, Hektoen enteric 
agar, Rambach agar, Rapid Salmonella agar, Salmonella-Shigella agar, XLD agar and 
XLT-4 agar were used. 
Fifty microlitre of each broth sample of the previous step were plated out on the 
respective plate media (separate plates of each media prepared for every sample). For 
the MSRV plates a disposable loop (Jencons) was used to collect a sample of the 
growth and streak out on solid agar plate under aseptic conditions. After inoculation of 
plate media, 2 ml samples were taken of the RV, RVS and tetrathionate broth samples 
for further analysis. For MSRV a small pellet of growth was taken, placed in cryogenic 
tube and suspended in 1 ml sterile distilled water. All samples were stored at -20°C. 
All plate media were incubated at 37°C for 21-27h, after which colony growth was 
examined. The criteria that was used for the selection of presumptive positive 
Salmonella colonies is shown in Table 2.1. As many of the plate media can also be 
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used for the presumptive identification of non-Salmonella colonies the criteria for these 
selections are indicated in Appendix C 
 
Table 2.1 Criteria for presumptive identification of Salmonella colonies 
Media Identification Colony features 
Bismuth sulphite agar 
Salmonella spp. 
Black, green, or clear and mucoid after 
18h. Uniform black after 48h with 
staining of media and pronounced 
metallic sheen 
Salmonella Typhi 
Black ‘rabbit-eye’ colonies with 
metallic sheen and black zone 
surrounding it. Colony uniform black 
after 48h incubation 
Brilliant green agar Salmonella spp. 
Red-pink-white colonies surrounded by 
red zone in media 
Brilliant green agar modified Salmonella spp. Red colonies with red zone 
CHROMagar Salmonella Salmonella spp. Mauve colonies 
Harlequin Salmonella ABC Salmonella spp Green 
Hektoen enteric agar Salmonella spp. 
Blue green colony with or without 
black centre 
Rambach agar Salmonella spp. Red 
Rapid Salmonella agar Salmonella spp. Magenta 
Salmonella-Shigella agar Salmonella spp. Straw coloured with black centre 
XLD 
Salmonella spp Red with black centre 
H2S-negative Salmonella Red 
XLT-4 Salmonella spp Black or red with black centre 
 
Presumptive positive Salmonella colonies were selected and suspended in 1 ml sterile 
distilled water and stored at -20°C until DNA extraction could be done. 
2.4 Extraction of DNA for PCR and real-time PCR 
2.4.1 Preparation of spin columns 
Spin columns for use in the DNA extraction protocol were prepared as described by 
Borodina et al. (2003). To begin with the cap of a 0.6 ml microcentrifuge tube (Axygen) 
was cut off at the bend so that a small arm remained attached to the tube. Using a needle 
(NPC) that had been heated over an open flame until red hot two holes were punctured 
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at the bottom tip of the tube. Silica membranes were cut from GF/F borosilicate glass 
fibre filters using a standard punch. Two membranes were taken and inserted tightly 
into the bottom of the tube. Tubes were prepared in advanced and sterilised by 
autoclaving 
2.4.2 Preparation of buffers and chemicals 
Buffers and chemicals used for DNA extraction were prepared as described in 
Appendix C. 
2.4.3 DNA extraction protocol 
Extraction of DNA was performed using an adaptation of the method of Boom et al 
(1999). The starting point of the extraction procedure involves the harvesting of the 
bacterial cells and this is done by centrifuging 2 ml of enrichment broth or 1 ml of 
bacterial colony suspension in 2 ml micro-centrifuge tubes (Eppendorf) at 13,000 RPM 
for 2 minutes. For extraction control 2 ml of sterile distilled water was used. The 
supernatant was carefully extracted and discarded, while the pellet was suspended in 
700 ul lysis buffer. This was then incubated at 70°C for 10 minutes. Two hundred and 
fifty microliters of 100% (absolute) ethanol (Saarchem) was added to the mixture and 
incubated at 56°C for 10 minutes. After the 10 minutes 50 ul of Celite solution was 
added to each tube using a sterile filter tip of which the tip had been cut. The suspension 
was mixed and then incubated at room temperature for 10 minutes with mixing at 
regular intervals. During this time the spin columns were prepared. Sterile spin 
columns were placed in 2 ml micro-centrifuge tube of which the cap has been removed. 
When the incubation step was finished about a third of the Celite suspension was 
pipetted onto the column. Loading was achieved by centrifuging the columns and tubes 
at 13,000 RPM for 30 seconds. The flow through was discarded and the spin column 
returned to the micro-centrifuge tube. The loading step was repeated until all the Celite 
lysis mixture solution had been loaded on to the column. The column was washed two 
times by adding 400 ul wash buffer followed by centrifugation at 13,000 RPM for 30 
seconds. After each centrifugation step the flow through was discarded. This was 
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followed by two washes with 400 ul of 70% ethanol, using the same time and speed as 
for the previous centrifugation step. After the flow through was discarded the spin 
columns were centrifuged at 13,000 RPM for 2 min to remove any residual ethanol still 
present on the column. The columns were transferred to a clean sterile 1.5 ml micro-
centrifuge tube (Eppendorf). One hundred microliter AE buffer (Qiagen) was added, 
and the columns were incubated at 65°C for 2 minutes. DNA was eluted by centrifuging 
columns at 13,000 RPM for 2 minutes. The columns were discarded, while the 1.5 ml 
tubes with DNA were stored at -20°C until required. 
2.5 Salmonella spp. multiplex PCR 
2.5.1 DNA for positive control 
Salmonella Paratyphi, Salmonella Enteritidis and Salmonella Typhimurium strains 
were obtains from the National Health Laboratory Services (NHLS). Strains were 
stored at -80°C in MicrobankTM cryovials (Pro-Lab Diagnostics). All strains were 
grown up on nutrient agar (Oxoid) or in nutrient broth (Oxoid). DNA was extracted as 
previously described. 
2.5.2 PCR protocol 
For conventional PCR detection of Salmonella, a Salmonella spp. specific multiplex 
PCR was used as developed and optimised by Mieta (2009). The primers is in the PCR 
were purchased from Inqaba Biotechnologies and Whitehead Scientific and are shown 
in Table 2.2. 
Table 2.2 Primer combinations used for Salmonella spp. multiplex PCR 
Primer Sequence (5’-3’) Reference 
St11F 
St15R 
GCCAACCATTGCTAAATTGGCGCA 
GGTAGAAATTCCCAGCGGGTACTGG 
Soumet et al., 1999 
S139F 
S141R 
GTGAAATTATGCCCACGTTCGGGCAA 
TCATCGCACCGTCAAAGGAAC 
Salehi et al., 2005 
Sef167F 
Sef478R 
AGGTTCAGGCAGCGGTTACT 
GGGACATTTAGCGTTTCTTG 
Soumet et al., 1999 
FliCF 
TymR 
CGGTGTTGCCCAGGTTGGTAAT 
ACTCTTGCTGGCGGTGCGACTT 
Soumet et al., 1999 
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The reaction mixture consisted of 4 ul of sample DNA added to 1X PCR buffer 
(Qiagen) containing 1.5 mM of MgCl2, 0.5 U of HotStarTaq DNA polymerase 
(Qiagen), 75 uM of each dNTP (Bioline), 1 X 2% (vol/vol) bovine serum albumin 
(Fermentas), 1.3 mM MgCl2, to bring up concentration of MgCl2 to 2.8 mM, 2.5 pmol 
of each primer and PCR grade water to make up to the final volume of 20 ul. Negative 
control samples contained PCR grade water instead of template DNA, and for the 
positive control DNA a mixture of DNA prepared from Salmonella control strains was 
used. 
PCR was done using a MyCyclerTM thermal cycler (Bio-Rad). The cycling conditions 
consisted of an activation step (95°C for 15 minutes), followed by 35 cycles of (a) 
denaturation [94°C for 30 seconds], (b) annealing [56°C for 90 seconds] and (c) 
extension [72°C for 30 seconds], with a final extension at 72°C for 10 minutes. 
The multiplex PCR can group Salmonella bacteria as Salmonella Enteritidis, 
Salmonella Typhimurium and Salmonella spp. This is done according to the size of the 
DNA products, which are shown in Table 2.3. 
Table 2.3 Salmonella species identification using the multiplex PCR 
Primer combination Product size (bp) Pathogen 
St11F/St15R 429 Salmonella species 
S139F/S141R 284 Salmonella species 
Sef167F/Sef478R 312 Salmonella Enteritidis 
FliCF/TymR 559 Salmonella Typhimurium 
 
2.5.3 Gel electrophoresis 
Gel electrophoresis was performed in a horizontal gel system (Labnet) using 2% 
(weight/vol) agarose (Bioline) slab gels with ethidium bromide (7 ul per 50 ml gel, 
Sigma-Aldrich) in 1X TAE buffer (40 mM Tris acetate; 2 mM EDTA, pH 8.3). Gels 
were electrophoresed for 1-2 hours at 80-100 volts and visualised under UV light with 
the Gene genius Bio Imaging system (Vacutec®). The relative sizes of DNA fragments 
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were estimated by comparing their electrophoretic mobility with that of a 100 bp 
marker (O’ Gene Ruler DNA ladder, Fermentas) run simultaneously with the samples. 
2.6 Real-time PCR 
For real-time PCR analysis of the animal feed samples four commercial kits were used, 
as well as a protocol obtained from literature, which will be referred to as Salmonella 
real-time multiplex PCR further on. 
2.6.1 SureFood® Pathogen Salmonella Plus V kit 
The SureFood® Pathogen Salmonella Plus V kit was purchased from Congen 
Biotechnologies GmbH. The kit was used a recommended by the manufacturer as 
described below. 
The reaction mixture consisted of 19.9 ul Salmonella Plus V reaction mix, 0.1 ul Taq 
polymerase and 5.0 ul DNA for a total of 25.0 ul per reaction. The negative control 
contained reaction mixture and polymerase, but nothing else, as per kit instructions. 
Real-time PCR was performed using a Rotor-Gene Q (Qiagen), which was kindly 
loaned to the Centre by Whitehead Scientific. The amplification conditions were: one 
cycle of 1 minute at 95°C, followed by 45 cycles consisting of 1: denaturation at 95°C 
for 10 seconds and 2: annealing/extension at 60°C for 15 seconds. Fluorescence 
detection was performed at the end of each extension cycle on the green channel (FAM) 
for Salmonella and the yellow channel (VIC) for the internal amplification control. 
Runs were analysed using Rotor-Gene 2.0.3.2 software incorporated with the 
instrument. 
A sample was considered to be positive for Salmonella if amplification was observed. 
If no amplification was observed and the internal amplification control was positive, 
then the sample was considered to be negative for Salmonella. If both the sample DNA 
and internal amplification controls were negative, it was an indication of the presence 
of PCR inhibition. 
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2.6.2 Foodproof® Salmonella detection Kit 
The Foodproof® Salmonella detection Kit was purchased from Biotecon Diagnostics. 
The kit was used a recommended by the manufacturer as described below. 
The reaction mixture consisted of 18.0 ul master mix, 1.0 ul enzyme solution, 1.0 ul 
internal control and 5.0 ul DNA, for a total of 25 ul per reaction. For positive control 
and negative controls, DNA and PCR grade water respectively was used as provided 
in the kit. 
Real-time PCR was performed using a Rotor-Gene Q (Qiagen). The amplification 
conditions were: one cycle consisting of 1: 4 minutes at 37°C and 2: 5 minutes at 95°C; 
followed by 50 cycles consisting of 1: denaturation at 95°C for 5 seconds and 2: 
annealing/extension at 60°C for 60 seconds. Fluorescence detection was performed 
during each extension cycle on the green channel (FAM) for Salmonella and the yellow 
channel (VIC/HEX) for the internal amplification control. Runs were analysed using 
Rotor-Gene 2.0.3.2 software incorporated with the instrument. 
A sample was considered positive if amplification of the sample DNA was observed 
and the internal control was either positive or negative. If there was no amplification 
of the sample DNA and the internal control was positive, the sample was considered to 
be negative. If however both the sample DNA and internal controls were negative, the 
results were considered to be invalid. 
2.6.3 DiaInfect Salmonella detection kit 
The DiaInfect Salmonella detection kit was purchased from Diagon®. The kit was used 
a recommended by the manufacturer as described below. 
The reaction mixture consisted of 10 ul 2X master mix, 0.6 ul Salmonella polymerase, 
4.4 ul PCR water, 3 ul internal control and 2 ul DNA for a total of 20 ul per reaction. 
Two Salmonella positive controls containing 107 and 106 GU/ml. were provided with 
the kit. For the negative control PCR grade water was used, as supplied in the kit. 
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Real-time PCR was performed using a Rotor-Gene Q (Qiagen). The amplification 
conditions were: one cycle of 10 minutes at 95°C, followed by 40 cycles consisting of 
1: denaturation at 95°C for 20 seconds, 2: annealing at 60°C for 15 seconds and 3: 
extension at 72°C for 20 seconds. Fluorescence detection was performed during each 
cycle on the green channel (FAM) for Salmonella enterica, the yellow channel (JOE) 
for pathogenic Salmonella genus and the red channel (Cy5) for the internal control. 
Runs were analysed using Rotor-Gene 2.0.3.2 software incorporated with the 
instrument. 
In general samples were regarded as negative if the Ct value was greater than 35. A 
positive signal on the green channel indicated the presence of Salmonella enterica, 
while a positive signal in the yellow or yellow and green channels was indicative of 
pathogenic Salmonella genus. 
2.6.4 PrimerDesignTM Kit for Salmonella enterica genomes 
The PrimerDesignTM Kit for Salmonella enterica genomes and 2x PrecisionTM 
mastermix were purchased from PrimerDesignTM Ltd. The kit was used a 
recommended by the manufacturer as described below. 
2.6.4.1 Preparation of kit components 
The DNA and primer/probe mixes used in the real-time PCR comes in a lyophilised 
form and before the kit can be used a certain amount of preparation need to be done. 
Reconstitution of the DNA and primer/probes are done by adding the correct amount 
of RNase/DNase free water as indicated in Table 2.4. 
Table 2.4 Reconstitution of PrimerDesignTM kit components 
Component Volume (ul) 
Pathogen primer/probe mix 165 
Internal extraction control primer/probe mix 165 
Internal extraction control DNA 600 
Positive control template 500 
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2.6.4.2 PCR protocol 
The reaction mixture consisted of 10 ul 2X Precision Mastermix, 1 ul pathogen 
primer/probe mix, 1 ul internal extraction contron primer/probe mix, 3 ul water and 5 
ul DNA for a total of 20 ul per reaction. For positive control the dilution series prepared 
earlier was used. For the negative control PCR grade water is used, as supplied in the 
kit. The internal extraction control DNA was furthermore used as template in one tube. 
Real-time PCR was performed using a Rotor-Gene 6000, access to which was kindly 
allowed to the Centre by the Laser Research Centre. The amplification conditions were: 
one cycle of 15 minutes at 95°C, followed by 50 cycles consisting of 1: denaturation at 
95°C for 10 seconds and 2: annealing/extension at 60°C for 60 seconds. Fluorescence 
detection was performed at the end of each extension cycle on the green channel (FAM) 
for Salmonella and the yellow channel (VIC) for the internal control. Runs were 
analysed using Rotor-Gene 1.7.94 software incorporated with the instrument. 
Samples were considered positive if amplification was observed for the sample DNA 
and if the internal control and positive controls were positive or if the positive control 
was positive and the internal control was negative. Samples were considered negative 
if the internal control and positive controls were positive but the rest negative. Positive 
or negative results for all were an indication that the experiment had failed. 
2.6.5 Salmonella real-time multiplex PCR 
Salmonella real-time multiplex PCR was based on the method of O’Regan et al., 
(2008). Primers and probes used for the PCR are shown in Table 2.5. Primers and 
probes were purchases from Whitehead Scientific and made up to 100uM by adding 
PCR grade water. The 100 uM stock solution was diluted 5X to get a 20 uM working 
stock, which was used in all reactions. 
The reaction mixture (total volume 25 ul) contained 12.5 ul 2 x Quantitect Multiplex 
PCR no ROX mastermix (Qiagen) consisting of HotStar Taq polymerase, Quantitect 
multiplex PCR buffer, dNTP mix and 11 mM MgCl2, a final concentration of 0.4 uM 
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of each primer and probe, 4.5 ul PCR grade water and 2 ul of DNA. For the negative 
control PCR grade water was used. 
Real-time PCR was performed using a Rotor-Gene 3000 and a Rotor-Gene 6000. The 
amplification conditions were: one cycle of 15 minutes at 95°C, followed by 35 cycles 
consisting of 1: denaturation at 94°C for 60 seconds and 2: annealing/extension at 60°C 
for 90 seconds. Runs were analysed using Rotor-Gene 6.1.81 and Rotor-Gene 2.0.3.2 
software respectively, which were incorporated with the instruments. 
Table 2.5 Oligonucleotides used in Salmonella real-time multiplex PCR 
Primer/Probe Sequence (5’-3’) 
Product size 
(bp) 
sefA forward GTGGTTCAGGCAGCAGTTACT 
334 sefA reverse CAGGGACATTTAGCGTTTCTTGAG 
sefA probe ROX-CAGCTCAGAATACAACATCAGCCAACTGG-BBQ 
fliC forward CCCCGCTTACAGGTGGACTAC 
433 fliC reverse AGCGGGTTTTCGGTGGTTGT 
fliC probe JOE-TAAAGCCGCATTGACAGCAGCAGGTG-BBQ 
aceK forward CCGCGCTGGTTGAGTGG 
240 aceK reverse GCGGGGCGAATTTGTCTTTA 
aceK probe FAM-AACCACTGCCGAACTGTATATGGCGA-BBQ 
sdf forward AAATGTGTTTTATCTGATGCAAGAGG 
299 sdf reverse GTTCGTTCTTCTGGTACTTACGATGAC 
Sdf probe Cy5-CGAATGGTGAGCAGACAACAGGCTGATTTA-BBQ 
 
Fluorescence signals were detected in the green (FAM), yellow (JOE), orange (ROX), 
and red (Cy5) channels. The green channel detects Salmonella species, the yellow 
channel is for the detection of Salmonella Typhimurium and Salmonella Kentucky, the 
orange channel is for the detection of Salmonella Enteritidis, Salmonella Gallinarum 
and Salmonella Dublin, while the red channel is for the detection of Salmonella 
Enteritidis. It should however be noted that the orange channel might also detect 
Salmonella Rostock, Salmonella Berta, Salmonella Pullorum and Salmonella 
Seremban. 
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2.6.5.1 Test reactions using control strains 
Prior to using the real-time multiplex PCR to analyse DNA extracted from soya meal 
samples runs were performed using control strains. The Strains that were used were 
Salmonella Paratyphi A, Salmonella Paratyphi B, Salmonella Paratyphi C, Salmonella 
Typhimurium Saltm-01, Salmonella Typhimurium Saltm-02, Salmonella Enteritidis, 
Salmonella Galinium, Salmonella Typhi Salty-01 and Salmonella Typhi Salty-02. 
Strains were obtained from the NHLS. Maintenance, growth and DNA extractions were 
performed as previously described. 
2.6.6 Determination of secondary factors 
Besides looking at how the 5 techniques performed at the detection of Salmonella in 
soya meal samples, attention was also given to factors such as cost, time required for 
real-time PCR runs, ease of use of kits. 
For the cost, updated prices were requested from the companies that distribute the kits 
in South Africa. In the case of the DiaInfect Salmonella detection kit this was however 
not possible, since the company that used to distribute their products no longer does 
so. Pricing was therefore requested directly from the company. Aspects that are also 
taken into account here is the number of reactions that can be performed per kit as well 
as additional components that have to be purchased along with the kit. For the 
Salmonella real-time multiplex PCR prices for the different components were obtained 
instead. 
Time required for real-time PCR runs simply refers to how long the PCR run takes 
from start to finish and does not include time required for preparation of samples. For 
ease of use the complexity of each kit was considered and compared. All these different 
factors were then taken together to pick the one technique that overall performed the 
best. 
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2.7 Statistical analysis 
Statistical analysis were performed by STATKON, courtesy of Juliana Van Staden, 
using SPSS 23.0 software. The Pearson Chi-Square test was used to determine 
statistical significance of observations made, with p-values of less than 0.05 regarded 
as statistically significant. In order to determine the strength of the relationship, 
Cramer’s V value was obtained and evaluated according to Julia Pallant’s SPSS 
survival guide (Pallant 2010). 
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CHAPTER 3 
RESULTS 
In this chapter the results obtained in the study are presented in three sections; the 
isolation and identification of Salmonella species form the samples using conventional 
media followed by confirmation with a multiplex PCR, followed by the detection of 
the Salmonella species from the primary enrichment using real-time PCR methods and 
finally a comparison of data obtained using all these methods. 
3.1 Detection of Salmonella with PCR confirmation 
3.1.1 Culture methods 
The animal feed samples were first subjected to the isolation of Salmonella species 
using culture based methods. Combinations of primary enrichment, secondary 
enrichment and agar media was tested as shown in figure 2.1 was tested for 
comparison.  
For the enrichment media RV, RVS broth samples were visually evaluated for the 
presence of growth, which was noted as growth or no visible growth. This was 
attempted for tetrathionate broth but the presence of insoluble material in the solution 
made this difficult. Colony growth on selective plates (excluding MSRV) and 
evaluated using the information in Table 2.1 for presumptive identification of colonies. 
Pictures taken of Salmonella positive colonies showing the appearance of Salmonella 
on different plate media is shown in Figure 3.1. Since the appearance of Salmonella on 
Brilliant green agar modified and XLT-4 is similar to that on Brilliant green agar and 
XLD respectively these pictures are not included. 
A summary of the media combinations is shown in Table 3.1 showing growth and 
presumptive positive Salmonella out of a total number samples (n). This is followed 
by Table 3.2, which indicates the distribution of presumptive positive colonies. Most 
positive colonies were found on Bismuth sulphite agar (69.44% of plates positive for 
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Salmonella), followed in order of decreasing value by Brilliant green agar and Rapid 
Salmonella agar (47.22%), XLD (33.33%), Brilliant green agar modified and Hektoen 
enteric agar (24.31%), XLT-4 (15.97%), Rambach agar and Salmonella-Shigella agar 
(15.28%), CHROMagar Salmonella (14.17) and Harlequin Salmonella ABC (12.5%). 
A complete overview of colony growth obtained on all of the plate media for each 
sample is shown in Appendix D. 
 
 
 
 
 
 
 
Figure 3.1 Presumptive Salmonella colonies on plate media: 1: Bismuth sulphite agar, 2: 
Brilliant green agar, 3: CHROMagar Salmonella, 4: Harlequin Salmonella 
ABC, 5: Hektoen enteric agar, 6: Rambach agar, 7: Rapid Salmonella agar, 8: 
Salmonella-Shigella agar, 9: XLD 
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Table 3.1 Identification of presumptive positive Salmonella reported as number of positive samples (total number of samples).  
Enrichment Selective 
Media 
Growth 
Presumptive 
positives 
Enrichment Selective 
Media 
Growth 
Presumptive 
positives Primary Secondary Primary Secondary 
B
u
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 p
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w
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BSA 14 (20) 14 (20) 
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 p
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p
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e 
b
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BSA 20 (20) 10 (20) 
BGA 15 (20) 4 (20) BGA 20 (20) 12 (20) 
BGA-m 15 (20) 3 (20) BGA-m 20 (20) 3 (20) 
CMA-S 11 (16) 1 (16) CMA-S 16 (16) 1 (16) 
HS-ABC 15 (20) 2 (20) HS-ABC 20 (20) 2 (20) 
HEA 15 (20) 2 (20) HEA 20 (20) 5 (20) 
RBA 15 (20) 4 (20) RBA 20 (20) 2 (20) 
RSA 15 (20) 8 (20) RSA 19 (20) 14 (20) 
SSA 15 (20) 3 (20) SSA 20 (20) 4 (20) 
XLD 15 (20) 5 (20) XLD 20 (20) 8 (20) 
XLT-4 14 (20) 3 (20) XLT-4 18 (20) 2 (20) 
R
ap
p
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o
rt
-V
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si
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is
 b
ro
th
 
BSA 19 (20) 19 (20) 
T
et
ra
th
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n
at
e 
b
ro
th
 
BSA 7 (12) 7 (12) 
BGA 20 (20) 10 (20) BGA 10 (12) 5 (12) 
BGA-m 18 (20) 5 (20) BGA-m 10 (12) 4 (12) 
CMA-S 14 (16) 2 (16) CMA-S 7 (12) 1 (12) 
HS-ABC 18 (20) 4 (20) HS-ABC 10 (12) 1 (12) 
HEA 18 (20) 6 (20) HEA 8 (12) 3 (12) 
RBA 20 (20) 5 (20) RBA 8 (12) 1 (12) 
RSA 18 (20) 15 (20) RSA 5 (12) 3 (12) 
SSA 20 (20) 3 (20) SSA 8 (12) 3 (12) 
XLD 20 (20) 7 (20) XLD 9 (12) 3 (12) 
XLT-4 16 (20) 2 (20) XLT-4 8 (12) 4 (12) 
BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - 
Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - 
Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
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Table 3.1 continued Identification of presumptive positive Salmonella reported as number of positive samples (total number of samples). 
Enrichment Selective 
Media 
Growth 
Presumptive 
positives 
Enrichment Selective 
Media 
Growth 
Presumptive 
positives Primary Secondary Primary Secondary 
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BSA 11 (20) 11 (20) 
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BSA 17 (20) 17 (20) 
BGA 11 (20) 7 (20) BGA 19 (20) 13 (20) 
BGA-m 11 (20) 2 (20) BGA-m 19 (20) 7 (20) 
CMA-S 11 (16) 3 (16) CMA-S 14 (16) 2 (16) 
HS-ABC 11 (20) 2 (20) HS-ABC 19 (20) 2 (20) 
HEA 11 (20) 4 (20) HEA 19 (20) 4 (20) 
RBA 11 (20) 2 (20) RBA 18 (20) 3 (20) 
RSA 11 (20) 4 (20) RSA 16 (20) 11 (20) 
SSA 11 (20) 2 (20) SSA 19 (20) 3 (20) 
XLD 11 (20) 6 (20) XLD 19 (20) 9 (20) 
XLT-4 11 (20) 3 (20) XLT-4 17 (20) 3 (20) 
R
ap
p
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o
rt
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is
 b
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th
 
BSA 15 (20) 14 (20) 
T
et
ra
th
io
n
at
e 
b
ro
th
 
BSA 8 (12) 8 (12) 
BGA 19 (20) 11 (20) BGA 8 (12) 6 (12) 
BGA-m 19 (20) 8 (20) BGA-m 7 (12) 3 (12) 
CMA-S 13 (16) 4 (16) CMA-S 7 (12) 3 (12) 
HS-ABC 17 (20) 3 (20) HS-ABC 8 (12) 2 (12) 
HEA 17 (20) 7 (20) HEA 7 (12) 4 (12) 
RBA 18 (20) 2 (20) RBA 8 (12) 3 (12) 
RSA 13 (20) 8 (20) RSA 5 (12) 5 (12) 
SSA 18 (20) 3 (20) SSA 7 (12) 2 (12) 
XLD 18 (20) 5 (20) XLD 7 (12) 5 (12) 
XLT-4 14 (20) 3 (20) XLT-4 8 (12) 3 (12) 
BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - 
Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - 
Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
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Table 3.2 Distribution of presumptive positive Salmonella colonies on solid plate media indicated as a percentage (n) 
 Buffered 
peptone 
water 
Lactose 
broth 
Buffered 
peptone 
water 
Lactose 
broth 
Buffered 
peptone 
water 
Lactose 
broth 
Buffered 
peptone 
water 
Lactose 
broth 
Modified semi-solid 
Rappaport-Vassiliadis 
Rappaport-Vassiliadis 
broth 
Rappaport-Vassiliadis 
with soya peptone broth 
Tetrathionate broth 
Bismuth sulphite agar 70 (14) 55 (11) 95 (19) 70 (14) 50 (10) 85 (17) 58.3 (7) 66.7 (8) 
Brilliant green agar 20 (4) 35 (7) 50 (10) 55 (11) 60 (12) 65 (13) 41.7 (5) 50 (6) 
Brilliant green agar modified 15 (3) 10 (2) 25 (5) 40 (8) 15 (3) 35 (7) 33.3 (4) 25 (3) 
CHROMagar Salmonella 6.3 (1) 18.8 (3) 12.5 (2) 25 (4) 6.3 (1) 12.5 (2) 8.3 (1) 25 (3) 
Harlequin Salmonella ABC 10 (2) 10 (2) 20 (4) 15 (3) 10 (2) 10 (2) 8.3 (1) 16.7 (2) 
Hektoen enteric agar 10 (2) 20 (4) 30 (6) 35 (7) 25 (5) 20 (4) 25 (3) 33.3 (4) 
Rambach agar 20 (4) 10 (2) 25 (5) 10 (2) 10 (2) 15 (3) 8.3 (1) 25 (3) 
Rapid Salmonella agar 40 (8) 20 (4) 75 (15) 40 (8) 70 (14) 55 (11) 25 (3) 41.7 (5) 
Salmonella Shigella agar 15 (3) 10 (2) 15 (3) 15 (3) 20 (4) 15 (3) 16.7 (2) 16.7 (2) 
Xylose lysine desoxycholate 25 (5) 30 (6) 35 (7) 25 (5) 40 (8) 45 (9) 25 (3) 41.7 (5) 
Xylose lysine tergitol-4 15 (3) 15 (3) 10 (2) 15 (3) 10 (2) 15 (3) 33.3 (4) 25 (3) 
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3.1.2 Molecular confirmation 
The DNA extraction method was kept consistent for this work to remove one variable. 
While there are not results to be discussed for the DNA extractions there are a couple 
of observations that can be made. 
BPW and lactose broth can give high yields of cell mass and if this is fed into the DNA 
extraction as it can lead to overloading and subsequent failure of the spin column. 
When this happens, the contents of the spin column (solution and Celite) have to be 
transferred to a new column and the centrifugation step repeated, resulting in additional 
time required for extraction of DNA. If large cell mass is present after harvesting it 
would therefore be split into two samples, which are then processed individually. It is 
therefore recommended that a standardisation stepped be included to determine optimal 
loading of the column used for DNA extraction, as this will differ from kit to kit. 
Tetrathionate broth has insoluble matter, which gets carried through the process. DNA 
extraction was performed with samples divided and whole and it was found that it did 
not make any difference. 
DNA extracted from the animal feed samples were used for the Salmonella species 
specific multiplex PCR. A photo of a typical gel obtained from the multiplex PCR is 
shown in Figure 3.2. 
 
 
 
 
 
 
Figure 3.2 Electrophoresis gel showing DNA ladder (lane 1), positive template control 
(lane 2), negative template control (lane 3), extraction control (lane 7& 8), and 
samples (lane 4-6 & lane 9-20) 
 
 
1     2     3    4     5     6     7     8   9   10   11   12   13   14   15   16   17  18   19   20 
559 bp 
429 bp 
312 bp 
284 bp 
Product size 
(bp) 
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The positive template control and negative template control are included to confirm 
that the PCR was performed correctly and that the results are trustworthy. The 
extraction control is a control that is included in the extraction procedure to confirm 
that DNA is not as result of DNA contamination. 
A summary of the results obtained with the Salmonella spp. multiplex PCR is shown 
in Table 3.3. Results are indicated as number of positives identified along with the 
number of tests performed. In Table 3.4 the number of presumptive positive colonies 
that were tested are indicated along with the number that actually tested positive. This 
is done for plate media only as growth in liquid media could not always be determined 
and the nature of the growth was such that presumptive identifications could not be 
made. A comprehensive overview of results obtained with the Salmonella spp. 
multiplex PCR is shown in Appendix D. 
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Table 3.3 Summary of results obtained with Salmonella spp. Multiplex PCR 
Enrichment Selective 
Media 
n 
PCR Positive Enrichment Selective 
Media 
n 
PCR Positive 
Primary Secondary S spp. SE ST Primary Secondary S spp. SE ST 
B
u
ff
er
ed
 p
ep
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e 
w
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None None 32 16 20 3 
B
u
ff
er
ed
 p
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e 
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None None 32 16 20 3 
M
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None 14 8 4 0 
R
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y
a 
p
ep
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n
e 
b
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None 26 19 7 1 
BSA 48 26 11 8 BSA 27 16 10 0 
BGA 12 8 5 0 BGA 11 8 7 0 
BGA-m 4 3 1 0 BGA-m 6 6 6 0 
CMA-S 2 2 0 0 CMA-S     
HS-ABC 2 2 0 0 HS-ABC 2 2 0 0 
HEA 2 2 0 0 HEA 8 5 2 0 
RBA     RBA 2 2 0 0 
RSA 17 12 1 2 RSA 13 4 1 0 
SSA 8 8 0 0 SSA 3 2 0 0 
XLD 4 3 0 0 XLD 3 2 2 1 
XLT-4 2 2 0 0 XLT-4     
R
ap
p
ap
o
rt
-V
as
si
li
ad
is
 b
ro
th
 
None 18 12 6 0 
T
et
ra
th
io
n
at
e 
b
ro
th
 
None 17 4 2 1 
BSA 27 14 10 1 BSA 7 3 0 0 
BGA 13 11 7 1 BGA 9 4 7 0 
BGA-m 5 4 3 0 BGA-m 2 1 1 0 
CMA-S     CMA-S 2 2 0 0 
HS-ABC 4 4 0 0 HS-ABC 2 2 0 0 
HEA 7 5 4 2 HEA 2 2 0 0 
RBA 8 5 2 0 RBA 2 2 0 0 
RSA 18 11 4 0 RSA 4 2 0 0 
SSA 2 1 0 0 SSA 1 1 0 0 
XLD 6 5 1 0 XLD 4 1 1 0 
XLT-4 1 1 0 0 XLT-4 4 0 0 0 
BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - 
Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - 
Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
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Table 3.3 continued Summary of results obtained with Salmonella spp. Multiplex PCR 
Enrichment Selective 
Media 
n 
PCR Positive Enrichment Selective 
Media 
n 
PCR Positive 
Primary Secondary S spp. SE ST Primary Secondary S spp. SE ST 
L
ac
to
se
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ro
th
 
None None 31 12 24 0 
L
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se
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th
 
None None 31 12 24 0 
M
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None 11 6 4 1 
R
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e 
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None 21 10 9 0 
BSA 21 17 2 1 BSA 21 12 12 3 
BGA 7 2 0 0 BGA 10 7 5 1 
BGA-m 1 1 0 0 BGA-m 6 6 4 0 
CMA-S 6 6 0 0 CMA-S 3 3 0 0 
HS-ABC 2 2 0 0 HS-ABC 3 3 0 0 
HEA 6 4 0 0 HEA 4 4 1 1 
RBA 3 3 1 0 RBA 1 1 0 0 
RSA 6 5 0 0 RSA 14 8 7 0 
SSA 4 4 0 0 SSA 3 3 0 0 
XLD 5 2 0 0 XLD 5 4 1 0 
XLT-4 4 4 0 0 XLT-4 3 3 0 0 
R
ap
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o
rt
-V
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si
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ad
is
 b
ro
th
 
None 20 10 7 0 
T
et
ra
th
io
n
at
e 
b
ro
th
 
None 14 4 2 0 
BSA 16 3 6 0 BSA 10 4 1 0 
BGA 7 6 4 0 BGA 3 2 2 1 
BGA-m 8 5 4 1 BGA-m 2 2 0 0 
CMA-S 4 4 0 0 CMA-S 3 3 0 0 
HS-ABC 5 5 0 0 HS-ABC 1 1 0 0 
HEA 3 2 1 0 HEA 5 3 2 0 
RBA 3 3 1 0 RBA 5 3 0 0 
RSA 8 6 3 1 RSA 4 1 0 0 
SSA 2 2 0 0 SSA 2 1 0 1 
XLD 5 4 2 1 XLD 4 1 0 1 
XLT-4 5 5 0 0 XLT-4 1 1 0 0 
BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - 
Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - 
Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
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Table 3.4 Comparison of presumptive positive vs confirmed positive samples 
Enrichment Selective 
Media 
Presum. 
Positive1 
PCR Positive Enrichment Selective 
Media 
Presum. 
Positive1 
PCR Positive 
Primary Secondary S spp. SE ST Primary Secondary S spp. SE ST 
B
u
ff
er
ed
 p
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None None None 11 12 2 
B
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None None None    
M
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None 12 8 4 0 
R
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y
a 
p
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e 
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None None 15 5 1 
BSA 14  10 3 4 BSA 10  8 5 0 
BGA 4  4 4 0 BGA 12  6 5 0 
BGA-m 3  2 1 0 BGA-m 3  2 2 0 
CMA-S 1  1 0 0 CMA-S 1 0 0 0 
HS-ABC 2  1 0 0 HS-ABC 2  1 0 0 
HEA 2  1 0 0 HEA 5  4 1 0 
RBA 4  0 0 0 RBA 2  1 0 0 
RSA 8  4 1 2 RSA 14  3 0 0 
SSA 3  3 0 0 SSA 4  2 0 0 
XLD 5  3 0 0 XLD 8  2 2 1 
XLT-4 3  1 0 0 XLT-4 2     
R
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is
 b
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th
 
None None 10 5 0 
T
et
ra
th
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n
at
e 
b
ro
th
 
None None 3 2 1 
BSA 19  7 6 1 BSA 7  3 0 0 
BGA 10  4 3 0 BGA 5  3 2 0 
BGA-m 6  7 6 1 BGA-m 4  1 1 0 
CMA-S 2  0 0 0 CMA-S 1  1 0 0 
HS-ABC 4  2 0 0 HS-ABC 1  1 0 0 
HEA 6  3 2 1 HEA 3  1 0 0 
RBA 5  4 2 0 RBA 1  1 0 0 
RSA 15  8 4 0 RSA 3  1 0 0 
SSA 3  1 0 0 SSA 3  1 0 0 
XLD 7  4 1 0 XLD 3  1 1 0 
XLT-4 2  1 0 0 XLT-4 4  1 0 0 
1Presumptive positive colonies based on typical growth morphology; BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green 
agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - 
Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
 
64 
 
Table 3.4 continued Comparison of presumptive positive vs confirmed positive colonies 
Enrichment Selective 
Media 
Presum. 
Positive1 
PCR Positive Enrichment Selective 
Media 
Presum. 
Positive1 
PCR Positive 
Primary Secondary S spp. SE ST Primary Secondary S spp. SE ST 
L
ac
to
se
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th
 
None None None 10 15 0 
L
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None None None    
M
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None 8 6 4 1 
R
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None None 11 9 0 
BSA 11  6 2 1 BSA 17  9 8 1 
BGA 7  1 0 0 BGA 13  7 6 1 
BGA-m 2     BGA-m 7  5 4 0 
CMA-S 3 2 0 0 CMA-S 2  1 0 0 
HS-ABC 2  1 0 0 HS-ABC 2  1 0 0 
HEA 4  2 0 0 HEA 4  2 1 1 
RBA 2  1 1 0 RBA 3  1 0 0 
RSA 4  2 0 0 RSA 11  8 5 0 
SSA 2  2 0 0 SSA 3  1 0 0 
XLD 6  2 0 0 XLD 9  2 1 0 
XLT-4 3  3 0 0 XLT-4 3  1 0 0 
R
ap
p
ap
o
rt
-V
as
si
li
ad
is
 b
ro
th
 
None None 8 6 1 
T
et
ra
th
io
n
at
e 
b
ro
th
 
None None 3 2 1 
BSA 14  5 5 0 BSA 8  3 1 0 
BGA 11  6 5 0 BGA 6  2 2 1 
BGA-m 8  4 3 1 BGA-m 3  1 0 0 
CMA-S 4 2 0 0 CMA-S 3  2 0 0 
HS-ABC 3  2 0 0 HS-ABC 2  1 0 0 
HEA 7  3 2 0 HEA 4  2 1 0 
RBA 2  3 1 0 RBA 3  2 0 0 
RSA 8  4 2 0 RSA 5     
SSA 3  1 0 0 SSA 2  1 0 1 
XLD 5  4 2 1 XLD 5  1 0 1 
XLT-4 3  2 0 0 XLT-4 3  1 0 0 
1Presumptive positive colonies based on typical growth morphology; BSA - Bismuth sulphite agar; BGA - Brilliant green agar; BGA-m - Brilliant green 
agar modified; CMA-S - CHROMagar Salmonella; HS-ABC - Harlequin Salmonella ABC; HEA - Hektoen enteric agar; RBA - Rambach agar; RSA - 
Rapid Salmonella agar; SSA - Salmonella Shigella agar; XLD - Xylose lysine desoxycholate; XLT-4 - Xylose lysine tergitol-4. 
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Of the presumptive positive colonies selected from bismuth sulphite agar, brilliant 
green agar, brilliant green agar modified, CHROMagar Salmonella, Harlequin 
Salmonella, Hektoen enteric agar, Rambach agar, rapid Salmonella agar, Salmonella-
Shigella agar, XLD and XLT-4 an average of 74.41% tested positive for Salmonella 
by multiplex PCR. Specific values obtained for the different plate media are indicated 
in Table 3.5.  
Table 3.5 PCR confirmation of results obtained on plate media 
Plate media Percentage of samples confirmed positive 
Bismuth sulphite agar 63.1 
Brilliant green agar 79.4 
Brilliant green agar modified 88.9 
CHROMagar Salmonella 100 
Harlequin Salmonella ABC 100 
Hektoen enteric agar 86.5 
Rambach agar 78.3 
Rapid Salmonella agar 63.5 
Salmonella Shigella agar 92 
Xylose lysine desoxycholate 69.4 
Xylose lysine tergitol-4 85 
 
3.2 Comparison with commercial kits 
Detection of Salmonella in the animal food samples were evaluated using the 
SureFood® Pathogen Salmonella Plus V kit , Foodproof® Salmonella detection Kit, 
DiaInfect Salmonella detection kit, PrimerDesignTM Kit for Salmonella enterica 
genomes, along with a protocol obtained from literature. The results obtained using 
these kits will be discussed in the following sections. In all instances only BPW and 
lactose broth samples were used for these tests, since literature indicated that in the 
instances where an enrichment step is used for real-time PCR it is only the primary 
enrichment step that is performed. All analysis of run data were performed using Rotor-
Gene Q software (Qiagen). While the results are shown in the sections following a 
summary of the results is shown in Appendix E. In all instances samples are numbered 
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as; sample number, media type, test number. 19 BPW 3 will therefore refer to sample 
19, BPW enrichment, third test. 
3.2.1 SureFood® Pathogen Salmonella Plus V kit 
This kit makes use of the green channel for detection of Salmonella and the yellow 
channel for detection of the internal amplification control (IAC). Typical PCR run data 
for one of the channels is shown in Figure 3.3 along with the threshold used for 
determination of Ct values, while raw data and quantitation data for both channels are 
shown in Appendix D. 
 
Figure 3.3 Typical real-time PCR run profile obtained for the SureFood® Pathogen 
Salmonella Plus V kit showing the positive template control ( ), negative 
template control ( ) and examples of samples run. 
A summary of the results for the SureFood® Pathogen Salmonella Plus V kit is shown 
in Table 3.6, while the detailed table is given in Appendix D. As previously described 
a sample was considered to be positive for Salmonella if amplification was observed. 
If no amplification was observed and the internal amplification control was positive, 
then the sample was considered to be negative for Salmonella. If both the sample DNA 
and internal amplification controls were negative, it was an indication of the presence 
of PCR inhibition. 
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All of the internal controls were positive, indicating that there was successful PCR 
amplification and thus no PCR inhibition. Despite this there was a difference in the number of 
samples that tested positive for the BPW versus the LB enrichment. Duplicate samples were 
run for 50% of the samples and in two instances there were discrepancies between the two 
tests, i.e. for each the result of the 1st test did not correspond to the result of the 2nd test. This 
could have influenced the other samples not run in duplicate (sample were reported as positive 
if one of the duplicates were positive) and could possibly explain why there is a difference in 
the data between the two enrichment steps. Although not recommended by the manufacturer, 
this is something that needs to be considered for routine analysis of samples. 
Table 3.6 Results for SureFood® Pathogen Salmonella Plus V kit 
Media Results Salmonella Internal control 
Buffered 
peptone water 
Positive 14 (19) 19 (19) 
Negative 5 (19) 0 (19) 
Lactose broth 
Positive 10 (20) 20 (20) 
Negative 10 (20) 0 (20) 
 
3.2.2 Foodproof® Salmonella detection Kit 
Amplification of Salmonella DNA is analysed in the green channel, while 
amplification of the internal control is analysed in the yellow channel. An example of 
typical run data obtained for this kit is shown in Figure 3.4, while the complete set of 
data for the particular samples is shown in Appendix D. 
A summary of results for the Foodproof® Salmonella Detection Kit are shown in Table 
3.7, while the complete set of data is shown in Appendix D. As previously discussed, 
a sample was considered positive if amplification of the sample DNA was observed 
and the internal control was either positive or negative. If there was no amplification 
of the sample DNA and the internal control was positive, the sample was considered to 
be negative. If however both the sample DNA and internal controls were negative, the 
results were considered to be invalid. While some of the internal controls were 
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negative, in no instance was a negative obtained for both of the channels, indicating 
that the kit performed properly in every test. 
 
 
Figure 3.4 Typical real-time PCR run profile obtained for the Foodproof® Salmonella 
Detection Kit showing the positive template control ( ), negative template 
control ( ) and examples of samples run. 
 
Duplicates were again performed for 10 each of the BPW and lactose broth each, but 
while all the duplicates for lactose broth delivered the same results, in one instance the 
duplicates for BP did not give the same results. The results in Table 3.7 shows the 
“average” of the data, i.e. if one repeat was positive the sample was reported as positive. 
This could have an impact and could be responsible for the difference in results. 
Despite this the results for the BPW and LB was more comparable than for the revious 
test. 
Table 3.7 Results for Foodproof® Salmonella Detection Kit 
Media Results Salmonella Internal control 
Buffered 
peptone water 
Positive 18 (19) 14 (19) 
Negative 1 (19) 5 (19) 
Lactose broth 
Positive 18 (20) 13 (20) 
Negative 2 (20) 7 (20) 
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3.2.3 DiaInfect Salmonella detection kit 
Unlike the other commercial kits used in this study the DiaInfect Salmonella detection 
kit makes use of green, yellow and red channels for the detection of Salmonella, 
pathogenic Salmonella and an internal control respectively. An example of run data 
obtained with this kit is shown in Figure 3.5, while the complete set of data for these 
particular samples are shown in Appendix D. As recommended by the manufacturer 
samples were regarded as negative if the Ct value was greater than 35. A positive signal 
on the green channel indicated the presence of Salmonella enterica, while a positive 
signal in the yellow or yellow and green channels was indicative of pathogenic 
Salmonella genus.  
 
 
 
Figure 3.5 Typical real-time PCR run profile obtained for the DiaInfect Salmonella 
detection kit showing the positive template control ( ), negative template 
control ( ) and examples of samples run. 
 
Results for the DiaInfect Salmonella detection kit is shown in Table 3.8. For both the 
BPW and LB the internal control was detected in all the samples. There was however 
a difference in the detection of Salmonella and pathogenic Salmonella, with more 
Salmonella detected with LB versus more pathogenic Salmonella detected with BPW 
enrichment.  
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For BPW, 7 duplicates were performed and for lactose broth, 9. In the case of BPW, 2 
duplicates did not have the same results, and one LB duplicate did not have the same 
results. Similar to the previous sections any sample showing at least one positive for 
the duplicates were reported as positive in the summarized tables. This should however 
be considered for routine analysis.  
Table 3.8 Results for DiaInfect Salmonella detection kit 
Media Results Salmonella 
Pathogenic 
Salmonella 
Internal 
control 
Buffered 
peptone water 
Positive 13 (16) 11 (16) 16 (16) 
Negative 3 (16) 5 (16) 0 (16) 
Lactose broth 
Positive 16 (16) 9 (16) 16 (16) 
Negative 0 (16) 7 (16) 0 (16) 
 
3.2.4 PrimerDesignTM Kit for Salmonella enterica genomes 
Detection of products in the PrimerDesign™ kit takes place in the green channel for 
Salmonella and the yellow channel for the internal control. An example of the run data 
obtained with the PrimerDesign™ kit is shown in Figure 3.6, while the complete set of 
data for these particular samples are shown in Appendix D.  
 
 
Figure 3.6 Typical real-time PCR run profile obtained for the PrimerDesign™ kit 
showing the positive template control ( ), negative template control ( ) and 
examples of samples run. 
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A summary of results obtained with PrimerDesign™ kit are shown in Table 3.9, while 
the complete set of results is given in Appendix D. As previously discussed, sample 
runs were considered positive if there was positive amplification of the internal control 
and positive control or if the positive control was positive and the internal control was 
negative. This showed that there was no PCR inhibition even if no DNA from the 
sample was amplified. Samples were considered negative for the presence of 
Salmonella DNA if the internal control and positive controls were positive with no 
amplification of the Salmonella target DNA. Positive or negative results for all were 
an indication that the experiment had failed.  
Applying these rules it was observed that two of the BPW samples and one of the 
lactose broth samples had PCR failure and did not give any results. It was also noted 
that only 50% of the samples had a positive result for the internal control which is 
allowed. Duplicates were performed for the lactose broth (n=12) and BPW (n=10) 
respectively. For both BPW and lactose broth there was a sample where the 2 
duplicates’ results did not match but was still reported as positive as explained earlier.  
Table 3.9 Results for PrimerDesign™ kit 
Media Results Salmonella Internal control 
Buffered 
peptone water 
Positive 17 (20) 10 (20) 
Negative 3 (20) 10 (20) 
Lactose broth 
Positive 18 (20) 10 (20) 
Negative 2 (20) 10 (20) 
 
3.2.5 Salmonella real-time multiplex PCR 
Detection of products in the Salmonella real-time multiplex PCR takes place in the 
green channel for Salmonella species, the yellow channel Salmonella Typhimurium 
(ST) and Salmonella Kentucky (SK), the orange channel Salmonella Enteritidis (SE), 
Salmonella Gallinarum (SG) and Salmonella Dublin (SD), and finally the red channel 
for Salmonella Enteritidis (SE). 
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An example of run data obtained for animal feed samples are shown in Figure 3.7, 
while the complete set of date for the samples are shown in Appendix D. Results for 
the testing of reference strains are shown in Tables 3.10 and a summary of the results 
obtained when testing the samples in Table 3.11. The complete set of results for testing 
of the samples can be found in Appendix D. 
 
 
 
Figure 3.7 Typical real-time PCR run profile obtained for the Salmonella real-time 
multiplex PCR showing the positive template control ( ), negative template 
control ( ) and examples of samples run. 
 
Table 3.10 Results for testing step 
Strain Salmonella SE, SG, SD SE ST, SK 
Salmonella Paratyphi A Positive Positive Negative Positive 
Salmonella Paratyphi C Positive Positive Negative Negative 
Salmonella Paratyphi B Positive Positive Negative Negative 
Salmonella Enteritidis Positive Positive Positive Positive 
Salmonella Typhi Salty-02 Positive Positive Negative Positive 
Salmonella Typhimurium Positive Positive Negative Positive 
Salmonella Typhi Salty-01 Positive Positive Negative Positive 
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The testing of the reference strains (Table 3.10) was included for this test since it was 
optimised from literature and the results needed to be confirmed before testing the 
samples. The results indicated that the correct expected combinations was obtained and 
the test could be used to test the samples. 
Interpretation of the results for the green (Salmonella species) and red (Salmonella 
Enteritidis) channels are straightforward and indicates the presence of the organisms 
as expected. The interpretation of the results for the other two channels since they 
indicate the presence of more than one Salmonella serovar but for the objective of this 
study which looks at the presence or absence of Salmonella in animal feed it was 
decided to continue with the test as described. 
Table 3.11 Results for real-time multiplex PCR 
Media Results Salmonella 
Salmonella 
Enteritidis, 
Salmonella 
Gallinarum and 
Salmonella Dublin 
Salmonella 
Enteritidis 
Salmonella 
Typhimurium 
and 
Salmonella 
Kentucky 
Buffered 
peptone water 
Positive 4 (19) 2 (19) 2 (19) 9 (19) 
Negative 15 (19) 17 (19) 17 (19) 10 (19) 
Lactose broth 
Positive 5 (20) 3 (20) 1 (20) 12 (20) 
Negative 15 (20) 17 (20) 19 (20) 8 (20) 
 
The one limitation of the study was that there is no internal control to confirm the PCR 
amplification in the tubes. This will be needed if used as a standalone test if the number 
of Salmonella negative samples are compared to the other tests. Since the PCRs were 
all performed on the same extracted DNA it can be assumed that there was no to 
minimal PCR inhibition and that the negative results could be linked to the target gene 
(Salmonella species) or presence of the specific Salmonella serovars. This is discussed 
in the next chapter.   
No duplicates were performed for this test and should be done in the future to confirm 
that there is not similar discrepancies between duplicates as found in the previous 
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samples. The one advantage of this PCR is that the user do get a better understanding 
of the types of Salmonella strains that may be present. 
3.2.6 Secondary factors 
3.2.6.1 Cost 
An important consideration for the routine analysis of the samples would be the cost. 
The cost calculations for the commercial kits and real-time multiplex PCR is shown in 
Table 3.12 to show the cost per reaction or test. The multiplex PCR kit discussed in the 
first section of the work is not included as that would require additional equipment but 
should be considered by laboratories that can already perform PCR reactions.  
Table 3.12 Cost calculations for real-time PCR 
Kit Item Cost* Reactions 
Cost per 
Reaction 
SureFood® Pathogen Salmonella Plus V kit Kit R 8,917.08 100 R 89.17 
Foodproof® Salmonella detection Kit Kit R 13,011.96 94 R 138.43 
DiaInfect Salmonella detection kit Kit R 12,430.58 100 R 124.38 
PrimerDesign™ Kit  
Kit R 8,833.86 150 R 58.89 
Master mix R 1,280.22 160 R 8.00 
Total R 66.89 
 
Salmonella real-time multiplex PCR 
Master mix R 2,307.99 80 R 29.64 
PCR water R 99.18 2,222 R 0.04 
sefA f R 186.55 9,670 R 0.02 
sefA r R 213.19 9,780 R 0.02 
sefA R 3,916.42 6,440 R 0.61 
fliC f R 186.55 11,660 R 0.02 
fliC r R 177.66 9,860 R 0.02 
fliC R 8,267.24 2,650 R 3.12 
aceK f R 151.01 8,730 R 0.02 
aceK r R 177.66 10,610 R 0.02 
aceK R 3,663.89 1,690 R 2.17 
sdf f R 177.66 9,570 R 0.02 
sdf r R 230.96 12,320 R 0.02 
sdf R 5,918.59 2,140 R 2.77 
Total R 38.51 
* Including VAT, except for DiaInfect kit. Conversion from Euros done at rate of R 16.41 to 1 Euro 
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In the case of the real-time multiplex PCR cost of individual components were taken 
into account to get to a cost per reaction. Normal consumables were excluded from the 
calculations as they are common to all systems. Cost calculations for the DiaInfect kit 
is for the kit only and exclude transport and import fees, which could potentially be 
added. 
As seen in table 3.12 the costs varies from around R38.51 for the Salmonella real-time 
multiplex PCR to R138.43 for the Foodproof® Salmonella detection Kit and is 
influenced by factors such as certification by regulatory bodies. This certification is an 
important factor for laboratories and should be included in the decision making process.  
3.2.6.2 Run time 
For the purpose of the study run time is regarded as the time that is required to perform 
one complete test run and does not take preparation time into consideration. Preparation 
time is considered in the next section for ease of use of the methods. The run times for 
the different techniques were taken from the actual runs performed. The fastest of the 
five methods studied is the SureFood® Pathogen Salmonella Plus V kit, requiring only 
67 minutes per run. This is followed by the DiaInfect Salmonella detection kit (104 
minutes), the Foodproof® Salmonella detection Kit (115 minutes), PrimerDesign™ Kit 
(120 minutes) and lastly the Salmonella real-time multiplex PCR (148 minutes). 
3.2.6.3 Ease of use 
While using the kits observations were made on the ease with which each kit was used. 
These observations are as follows. 
The SureFood® Pathogen Salmonella Plus V kit is the simplest of the kits tested to 
used, and requires little more than the mixing of the master mix with the enzyme after 
which the sample DNA is added. In fact the NTC consists of only the master mix and 
enzyme, unlike other protocols where PCR grade water is required.  
The Foodproof® Salmonella detection Kit has three components that has to be added 
for setting up of the master mix, but other than that is quite easy to use. There is 
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however one factor that can cause a minor delay the first few times that the kit is used. 
The kit contains three tubes of master mix, which are kept in a metal container to 
protect it from light. The three tubes are packed closely in the metal container and 
vigorous shaking or forceps are required to remove the first of the tubes. 
The DiaInfect Salmonella detection kit requires some degree of preparation (internal 
control, but once that is done the kit is simple enough to use. The package insert 
however is somewhat vague when it comes to how the results are to be interpreted. For 
results to be valid the internal control needs to be positive, but this is never actually 
mentioned. This is in contrast to the other commercial kits where precise instructions 
are provided. 
The PrimerDesign™ Kit requires the most initial preparation of all the commercial kits, 
and while this can take some time, once it is done the solutions are ready to use. Care 
does however need to be taken, especially when reconstituting the primer/probe mixes, 
as to ensure that the lyophilised contents of the tubes are not lost. What is interesting 
is that the master mix has to be purchased separately. As seen earlier this does not have 
a detrimental effect on the overall price, but if this fact is not known when the kit is 
purchased this can lead to delays to purchase the master mix required to use the kit. 
While other master mixes can in fact be used, it should be kept in mind that the protocol 
was optimised using the PrimerDesign™ master mix and most likely work best with it. 
Although it was not used in this study the kit also provides an extraction control as well 
as a standard curve dilution series that can be used for absolute quantification of 
Salmonella. 
The Salmonella real-time multiplex PCR, has the greatest number of components that 
have to be added. This requires careful preparation of solutions so that they are at the 
correct concentration for use. While individual components can easily be replaced, 
these components also need to be stored and used with great care, to avoid any possible 
degradation or contamination of components. The lack of an internal control is also 
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somewhat of a drawback, as this leaves the technique without a reliable way of 
confirming the validity of reaction runs. 
3.3 Comparison of data 
A number of molecular techniques were used to investigate the detection of Salmonella 
in animal feed samples. In Table 3.13 a summary is shown of the results obtained with 
the various molecular techniques given as a number out of a total number of samples 
(n). While additional work was done for the Salmonella multiplex PCR, only the results 
for BPW and lactose broth are shown to compare it with the results obtained with the 
other methods. 
Although the results indicate that the Foodproof® Salmonella detection Kit was the 
most successful in detection of Salmonella in the samples the issue of duplicate samples 
need to be considered. Taking this into consideration the data obtained with the 
DiaInfect Salmonella detection kit is in line with that of the Foodproof® Salmonella 
detection Kit. All factors that could influence the decision would need to be taken into 
consideration and is discussed and summarized in the next chapter.   
Table 3.13 Summary of results obtained with molecular techniques. 
 BPW Lactose broth 
Salmonella multiplex PCR 14 (19) 17 (20) 
SureFood® Pathogen Salmonella Plus V kit 14 (19) 12 (20) 
Foodproof® Salmonella detection Kit 18 (19) 18 (20) 
DiaInfect Salmonella detection kit 14 (16) 16 (16) 
PrimerDesign™ Kit 17 (19) 18 (20) 
Salmonella real-time Multiplex PCR 14 (19) 14 (20) 
 
Statistical analysis was performed on the data obtained in order to investigate a number 
of theories related to the studies. These included looking at the impact of enrichment 
on the PCR results, the type of PCR etc. and is shown in table 3.14 along with the p-
values obtained. p-Values of less than 0.05 denote a significant difference in the results 
observed, meaning that the theory indicated is true.  
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Table 3.14 Statistical results of theories tested 
Theory p-value 
Primary enrichment media influences PCR results obtained from primary enrichment 0.927 
Primary enrichment media influences Salmonella strains detected after primary 
enrichment 
0.716 
Primary enrichment media influences PCR results obtained from secondary enrichment 0.963 
Primary enrichment media influences Salmonella strains detected after secondary 
enrichment 
0.774 
Primary enrichment media influences results obtained with selective plate media 0.255 
Primary enrichment media influences Salmonella strains observed on selective plate 
media 
0.602 
Primary enrichment media influences PCR results after selective plate media step 0.023 
Primary enrichment media influences Salmonella strains determined by PCR after 
selective media step 
0.882 
Secondary enrichment media influences detection of Salmonella on selective plate media 0.000 
Secondary enrichment media influences Salmonella strains detected on selective plate 
media 
0.000 
Secondary enrichment media influences PCR results from selective plate media 0.000 
Secondary enrichment media influences Salmonella strains detected using PCR from 
selective plate media 
0.000 
Table 3.15 Strength of relationship 
Relationship Cramer’s V Effect 
Primary enrichment media on selective plate media PCR 0.057 Small 
Secondary enrichment media on selective plate media micro results 0.494 Large 
Secondary enrichment media on selective plate media strain detection 0.305 Medium 
Secondary enrichment media on selective plate media PCR 0.212 Medium 
Secondary enrichment media on PCR identification of Salmonella 
strains from selective plate media 
0.160 Medium 
 
Further larger studies are required to test if the choice of PCR or real-time PCR method 
has any statistical significant relationships. Considering the data presented it is 
however clear that all factors presented needs to be considered based on the needs and 
capabilities of the laboratories to ensure that reliable results are produced.  
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CHAPTER 4 
DISCUSSION 
In this chapter the results that were obtained for the various methodologies tested for 
the detection of Salmonella in animal feed are discussed. It covers issues not usually 
considered when doing research of this nature, but the results and observations made 
also have the potential to affect the way future testing and research on Salmonella is 
done. 
4.1 Conventional culture based detection 
Even though the focus of this study was not on the culture based detection of 
Salmonella, this was an obvious and necessary first step.  There is typically always an 
enrichment step in literature when doing PCR (Marathe et al. 2012) and although the 
PCR can detect and possibly characterise the Salmonella present the actual isolates is 
still a needed step.  This is needed to further study and better understand the occurrence 
and movement of the Salmonella strains in the environments (Čučak et al. 2018; 
Pabilonia et al. 2014). With this in mind there are a number of observations that was 
made. 
BPW is normally the media of choice when doing pre-enrichment for Salmonella 
(Jasson et al., 2011) and lactose broth was used as well, since it has been found to work 
well with certain types of samples (Pal and Marshall 2009). The number of presumptive 
positive samples identified with BPW pre-enrichment was similar to that found with 
lactose broth pre-enrichment indicating that lactose broth could be used as an 
alternative to BPW as a primary enrichment step when testing animal feed or similar 
samples. 
All of the media combinations use in this study were able to detect the presence of 
presumptive positive Salmonella, and as can be expected from such a diverse array of 
media and combinations certain were more prolific than others. When looking at the 
selective plate media used, taking into considerations the number of positive colonies 
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detected, the best performers were bismuth sulphite agar, brilliant green agar, rapid 
Salmonella agar, XLD, brilliant green agar modified and Hektoen enteric agar. 
While this does confirm that conventional culture media has the potential to be used in 
the detection of Salmonella in animal feed, there are factors that need to be taken into 
consideration when going this route. The three step procedure as described in this study 
takes three days to produce not positive results, but presumptive positive results 
(Cocolin et al. 2011). This means that after colonies are identified on the selective plate 
media their identity still needs to be verified using another technique such as API or 
even Vitek, resulting in further delay in obtaining results, which will have cost 
implications beyond that required for the media and other consumables. With many 
non-Salmonella bacteria similar in appearance to Salmonella it also means that a larger 
number of colonies will have to be screened in order to get a proper understanding of 
the sample population. 
4.2 Conventional PCR detection 
Conventional PCR was used as a cost effective technique that could potentially be used 
after each step to determine if the secondary enrichment step and plating steps would 
result in better results when compared to the primary enrichment steps. It was meant to 
be used instead of the commercial kits (except for the primary enrichment step) since 
the available funding did not allow to test each of these samples with these kits, but it 
was still needed to be investigated. Furthermore, realistically laboratories may already 
have some type of PCR facility that would make this an attractive option.  
Based on the data presented it as observed that this PCR may not have performed as 
well as the Foodproof® Salmonella detection Kit and DiaInfect Salmonella detection 
kit and more studies would this be recommended with these two kits for the secondary 
enrichment and plated media steps. This was more the case for the BPW samples than 
the lactose broth samples but is something that needs to be considered and is discussed 
more later in this section. 
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The influence of the secondary enrichment steps gave varying results (Table 3.4) for 
the detection of Salmonella with the PCR method. What was observed is that the 
addition of the Rappaport-Vassiliadis with soya peptone broth did increase the number 
of samples that tested positive for the general Salmonella gene when compared to the 
primary enrichment step, which is similar to results obtained by Schönenbrücher et al. 
2008. This was especially the case of the BPW but for both broths there was a decrease 
in the number of Salmonella Enteritidis positive samples when using this secondary 
enrichment step.  
Almost three quarters of colonies that were selected during culture based detection 
tested positive for Salmonella when using the Salmonella multiplex PCR, which is 
relatively high. For many of the media used Salmonella can have an atypical 
appearance (Carrique-Mas et al. 2009; Wray and Wray 2000), and as such a number of 
colonies that would not have been otherwise selected were included in the PCR. This 
increased number of colonies tested no doubt contributed to more accurately 
identifying Salmonella colonies showing the possibility for underestimating or 
overestimating the actual presence of Salmonella and thus the potential number of false 
positives or negatives found in this study. This process could be further increased (or 
time shortened) with the use of real-time PCR, if available in the laboratory. 
For comparison with the real-time procedures only the BPW and lactose broth 
enrichments were used. When taken together the results indicate that all the animal 
feed samples tested were positive for Salmonella for at least one of the methods. For 
several of the samples the results for the lactose broth and BPW enrichment samples 
do not correspond and may be due to a variety of reasons. This may be as a result of 
different Salmonella strains being favoured by the different media (Anderson and 
Kennedy 1965; van der Zee 1994), too many background bacteria that also grew 
resulting in either the suppression of the Salmonella strains or more background 
bacteria that grew compared to the Salmonella (Afflu and Gyles 1997). Either of this 
would influence the DNA extraction step resulting in less Salmonella DNA that could 
explain why the real-time PCR kits outperformed the standard PCR since it can 
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typically detect and report lower copy numbers of the genes (Kubista et al. 2006). The 
influence of the use of the Rappaport-Vassiliadis with soya peptone broth on this would 
be interesting to investigate in the future. Another option is the targeted genes that have 
been shown to influence your PCR results, but will be dealt with later in this chapter.  
4.3 Real-time PCR 
Real-time PCR is seen as a more accurate method that is less time consuming as 
conventional PCR making it attractive for quick analysis of samples (Cocolin et al. 
2011; Fachmann et al. 2015). Four commercial kits and a protocol taken from available 
literature were tested and compared, not only with regards to their detection of 
Salmonella in the animal feed samples, but also with regards to factors such as cost and 
ease of use. To our knowledge this is the first time that study of this nature has been 
done for the analysis of animal feed. While a study has been found that compared 
commercial kits, it focussed solely on the detection of Salmonella, ignoring other 
factors. 
A brief review of literature was performed to compare results obtained with this study 
with that obtained by others. Occurrence of Salmonella at feed mills are generally low, 
with 0.95% detection at Irish mills (Burns et al. 2015), 7.2% to 2.8% at Australian feed 
mills (Parker et al. 2019), 4.96% at Brazilian feed mills (Pellegrini et al. 2015) and 
4.8% at Spanish feed mills (Torres et al. 2011). A study by Wierup and Kristoffersen 
2014, indicated the occurrence of Salmonella in cargo vessels transporting animal feed 
to range between 12% to 62%, while studies quotes by Burns et al. 2015 show values 
ranging from as low as 2.3% to as high as 58.8% for occurrence of Salmonella in feed 
samples. The results obtained with this study is more in line with that obtained from 
cargo vessels or some of the values indicated by Burns et al. 2015. While the percentage 
of positives obtained is quite higher, it may be because the small number of samples 
skewed the results to a certain extent, though the nature of the sampling employed 
could possibly have played a role. 
83 
 
When looking at the results the Foodproof® Salmonella detection Kit and DiaInfect 
Salmonella detected Salmonella in more samples that than the other PCRs tested (Table 
3.13). This difference may become more pronounced if the sample size is expanded 
and is something that needs to be considered and studied further in the future. This type 
of study can build on this study where the “groundwork” needed to be performed first.  
For all of the commercial kits used a number of duplicates were run, and while for the 
greater part the duplicates presented with the same results, there were instances in 
which the duplicates differed. Even though it only happened for a minority of samples, 
it might be advisable to do routine testing of animal feed samples in duplicate at least 
to “catch” any such variation that could occur. As will be discussed in the following 
sections, a number of secondary factors were also considered for each of the real-time 
methods used. A summary of some of these points that can be used for consideration 
of methodology to use is given in Table 4.1. For run time, cost, ease of use a ranking 
system is used with 1 being the best and 5 being the worst. It should however be noted 
that the scoring for ease of use is subjective and that a different user may have a 
different opinion and thus scoring. The remaining three points are indicated as presence 
or absence, in that the kit either has or performs the function or does not.  
Table 4.1 Considerations for selection of real-time PCR methodology 
 
Run 
time 
Cost 
Ease 
of 
use 
Internal 
control 
Salmonella 
species 
detection 
Pathogenic 
Salmonella 
detection 
Ranking Presence / Absence 
SureFood® Pathogen Salmonella 
Plus V kit 
1 3 1 P P A 
Foodproof® Salmonella detection 
Kit 
3 4 4 P P A 
DiaInfect Salmonella detection kit 2 5 3 P P P 
PrimerDesignTM Kit for Salmonella 
enterica genomes 
4 2 2 P P A 
Salmonella real-time multiplex PCR 5 1 5 A P A 
P = Present; A = Absent 
As all the real-time techniques were selected for use on the instrument there was an 
unavoidable delays while waiting for an alternative instrument to become available as 
previously discussed. In this time samples had to be stored away until such time that 
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analysis could be performed. While all the commercial kits were subjects to this delay, 
it is possible that it might have influenced this kit more than the others. 
Several samples that tested negative with the Salmonella specific multiplex PCR tested 
positive with the commercial kits. This is not unexpected, since real-time PCR is more 
sensitive than conventional PCR (Kubista et al. 2006) and could have been influenced 
by the choice of target genes. InvA is a common target for the identification of 
Salmonella to the extent that it is recommended by the US FDA (Buehler et al. 2019), 
but recent studies have indicated that use of this gene may actually fail to detect certain 
species of Salmonella (Buehler et al. 2019). On the other hand a study by Park et al. 
2011 indicated that use of the hilA gene is not only useful for the detection of 
Salmonella, but specifically the detection of live Salmonella on animal feed. (Park et 
al. 2011) 
The Salmonella real-time PCR performed well during initial testing, though there were 
some areas of concern. During actual testing of the samples however the green channel 
especially did not perform as expected. A fresh working solution of primers and probes 
had been prepared from the stock solutions, but it is possible that new primers and 
probes might be required. While overall it gives results that are consistent with the 
Salmonella specific multiplex PCR and the commercial kits, further work need to be 
done on it before it can be used to its true potential. While it’s cost per reaction is the 
lowest it takes the longest of all the techniques to perform. This, together with the work 
that is still required and the lack of an internal control places it out of running for the 
top position of real-time procedures tested. 
The DiaInfect Salmonella detection kit performed well in testing of animal feed 
samples. The only problem that was experienced with the kit was that the reagents ran 
out faster than anticipated. The supplier was queried regarding this, but no reply was 
received and since then the company has stopped supplying the kit and other products 
of the parent company. Purchasing can be done directly from the manufacturer, but this 
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will add further costs and procedural issues, which will make purchase of the kit 
problematic. For this reason it is also not considered for top kit. 
Of the three commercial kits remaining the SureFood® Pathogen Salmonella Plus V kit 
takes the least amount of time and is the easiest to use. It is however the second most 
expensive kit, and some problems were experienced with testing. The Foodproof® 
Salmonella detection Kit gives good results and is easy to use, but it is the most 
expensive of all the kits tested. While it requires some preparation and the separate 
purchase of a master mix the PrimerDesign™ Kit it is the least expensive of the 
commercial kits tested. Invalid results were obtained, but it was only for two samples, 
and might not have been caused by the kit or master mix. This kit is also the most 
versatile of the systems tested, offering an extraction control as well as a dilution series. 
4.4 Impact of enrichment media 
Considering the variations in and large number of media that are available for the 
detection of Salmonella in different source materials, this may very well have an impact 
on the results obtained. The results obtained will be briefly discussed in the following 
two sections. 
4.4.1 Primary enrichment 
Statistical analysis indicate that the primary enrichment used does not have an effect 
on most of the results obtained, and only a small effect on the PCR results obtained 
after secondary enrichment, as per consideration of the Cramer’s V value obtained. 
While this is in accordance with physical observations made, it may very well be that 
the nature of the source material (animal feed) may have played a role in this. It should 
also be noted that due to the nature of the study only a small subset of Salmonella 
serovars were tested for. While increasing the ‘scope’ might give valuable insight, the 
large number of Salmonella serovars that exist would make such testing highly 
problematic. It would in fact necessitate the use of other techniques such as the Vitek 
instrument, which will greatly increase the time and costs of the testing. 
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4.4.2 Secondary enrichment 
The type of secondary enrichment used was shown to have a moderate effect on the 
PCR results obtained after secondary enrichment, as well as a moderate to large effect 
on the microbiological results that are obtained, as per consideration of the Cramer’s 
V value obtained. As was previously mentioned this result is something that can be 
expected as the purpose of the secondary enrichment is to greatly enhance the number 
of Salmonella bacteria present while suppressing the presence of non-target bacteria 
(Afflu and Gyles 1997). Only a small selection of possible secondary enrichment media 
was used for this study, but it does imply that the selection of secondary enrichment 
media is important when identifying Salmonella isolates by means of microbiological 
methods, which is confirmed by the fact that RVS enrichment provided more 
Salmonella positive results than the other secondary enrichments used. Normal PCR 
detection methodologies that make use of enrichment stop after the enrichment step 
and does not include the second or third step. Taking into account the costs and time 
involved, it is therefore not likely that such steps would be included in any molecular 
detection methodologies. 
4.5 Conclusion 
The combination of in house DNA extraction method and either Salmonella specific 
multiplex PCR or real-time PCR work very well for the detection of Salmonella in 
animal feed samples. The PrimerDesignTM Kit for Salmonella enterica genomes 
performed the best with regards with results and cost, though it requires the most time 
per run of all the commercial kits. If cost is not an issue and absolute quantification is 
not required, the Foodproof® Salmonella detection Kit can be considered. For results 
that are required very fast the SureFood® Pathogen Salmonella Plus V kit would be a 
good option. 
This study has examined commercial kits used in real-time PCR detection of 
Salmonella from animal feed and compared them, not only with regards to efficiency, 
but also with regards to pricing, run time and ease of use. While one of the kits was 
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considered to be the best, there were two other kits that also performed well enough to 
be considered under the right circumstances. Culture-based methods was also 
considered, along with conventional PCR. Where applicable these results were 
compared to that obtained with real-time PCR, and overall statistical analysis was used 
to determine the effects of various processes on one another. 
The standard methods used for the detection of Salmonella in animal feed, and even 
the real-time PCR kits utilised in this study focus primarily on human food. As this 
study and many others have shown, they can be used for the detection of Salmonella 
in animal feed matrices. Recent studies have however also indicated that by adapting 
for survival on animal feed Salmonella changes the way it grows, and that simply using 
‘standard methods’ applicable to human food might be simplistic (Richardson et al. 
2019). 
4.6 Limitations of study 
While a relatively small number of samples were used in the study, the way it was set 
up meant that the number of actual tests that had to be performed quickly grew to an 
incredibly large number. Due to ever present time and cost constraints this means that 
only a selection of presumptive positive colonies could be considered for further 
evaluation and that further tests and work that might have proved insightful could not 
be considered. 
The nature of the study involved amongst others the preparation of large amounts of 
media, as well as a large amount of samples that had had to be processed at various 
stages. This includes incubator space when performing the test procedures, as well as 
fridge and freezer space when storing samples for analysis. As the study was performed 
in a research department with other ongoing studies and projects this necessitated in 
many instances a delay in performing required tests. 
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4.7 Future work 
The Salmonella real-time multiplex PCR has potential for the specific detection of 
Salmonella serovars, but this will require further work of which the addition of an 
internal control is the most important. 
As newer real-time PCR kits and other methodologies (microbiological and molecular) 
become available, these can be tested for possible application in the detection of 
Salmonella in animal feed matrices. The use of automated systems, such as the Spiral 
Plater Pro, which would find use in plating out of samples on selective plate media, 
would be of great use in the speeding up of procedures that would otherwise take a 
very long time to accomplish. 
Salmonella is not only a problem in animal feed, but also in water and food. By looking 
at how well the commercial kits tested in this study perform with these items, the 
number of matrices that can be tested with them could potentially be extended. If a kit 
can be used for the testing of diverse matrices, it will mean that fewer different kits 
have to be imported from overseas. 
4.8 Concluding thoughts 
Considering the effect that animal feed has on the animals that consume it and the 
further on effect that the animal products have on the humans that consume them the 
study of animal feed and the pathogens that are found in it plays an important part in 
what is now described as the one health principle, where the environment, animals and 
humans are interconnected in one huge “ecosystem”. Developing or adjusting existing 
rapid technologies that exist for the detection and identification of pathogens such as 
Salmonella in animal feed, will not only be an advantage to one part of the system, but 
to the entire system as a whole. 
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APPENDIX A – Salmonella literature data 
Table A1 Salmonella serovars isolated from water 
Serovar Reference 
Adabraka Traoré et al., 2015 
Allandale Rajabi et al., 2011 
Anatum Levantesi et al., 2012; McEgan et al., 2014 
Aqua Rajabi et al., 2011 
Augustenborg Levantesi et al., 2012 
Baildon McEgan et al., 2014 
Bardo Levantesi et al., 2012 
Bareilly Levantesi et al., 2012 
Bovismorbificans McEgan et al., 2014; Levantesi et al., 2012 
Braenderup Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Breda Levantesi et al., 2012 
Bredeney Traoré et al., 2015; Levantesi et al., 2012 
Bullbay Levantesi et al., 2012 
Carmel Traoré et al., 2015 
Chester McEgan et al., 2014; Traoré et al., 2015 
Corvallis Banerjee et al., 2012 
Coeln Levantesi et al., 2012 
Colindale Traoré et al., 2015 
Cubana Rajabi et al., 2011 
Daytona Rajabi et al., 2011 
Derby Levantesi et al., 2012; McEgan et al., 2014 
Dessau Levantesi et al., 2012 
DJugu Levantesi et al., 2012 
Eastbourne Traoré et al., 2015 
Enteritidis Levantesi et al., 2012 
Florida McEgan et al., 2014 
Galima Traoré et al., 2015 
Gaminara Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Georgia McEgan et al., 2014 
Give Levantesi et al., 2012; McEgan et al., 2014; Traoré et al., 2015 
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Table A1 continued Salmonella serovars isolated from water 
Serovar Reference 
Goldcoast Levantesi et al., 2012 
Grumpensis Levantesi et al., 2012 
Hadar Levantesi et al., 2012; McEgan et al., 2014 
Hartford Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Heidelberg Levantesi et al., 2012 
Indiana Levantesi et al., 2012 
Infantis Levantesi et al., 2012 
Inverness Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Ituri McEgan et al., 2014 
Javiana Levantesi et al., 2012 
Johannesburg Rajabi et al., 2011 
Kiambu Levantesi et al., 2012 
Llandoff Traoré et al., 2015 
Lexington Levantesi et al., 2012; McEgan et al., 2014 
Litchfield McEgan et al., 2014 
Liverpool Levantesi et al., 2012 
Livingstone Levantesi et al., 2012 
London Levantesi et al., 2012 
Mbandaka Levantesi et al., 2012 
Miami Levantesi et al., 2012; McEgan et al., 2014 
Mikawasima Levantesi et al., 2012 
Montevideo Levantesi et al., 2012; Rajabi et al., 2011 
Muenchen Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Newport Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Norwich McEgan et al., 2014 
Ohio Levantesi et al., 2012; McEgan et al., 2014 
Oranienburg McEgan et al., 2014 
Oranieneburg Levantesi et al., 2012 
Othmarschem Levantesi et al., 2012 
Ouagadougou Traoré et al., 2015 
Ouakam Levantesi et al., 2012 
Panama Levantesi et al., 2012 
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Table A1 continued Salmonella serovars isolated from water 
Serovar Reference 
Paratyphi A Levantesi et al., 2012 
Paratyphi B Levantesi et al., 2012; Rajabi et al., 2011 
Paratyphi B biovar Java Levantesi et al., 2012 
Poona McEgan et al., 2014; Traoré et al., 2015 
Rissen Traoré et al., 2015 
Rubislaw Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Saint-Paul Levantesi et al., 2012; McEgan et al., 2014; Rajabi et al., 2011 
Schwazengrund Traoré et al., 2015 
Schleissheim Levantesi et al., 2012 
Senftenberg Levantesi et al., 2012; Traoré et al., 2015 
Shubra Traoré et al., 2015 
Soerenga Levantesi et al., 2012 
Stanley Levantesi et al., 2012 
Suberu Levantesi et al., 2012 
Tallahassee Rajabi et al., 2011 
Tennessee Levantesi et al., 2012 
Teshie Traoré et al., 2015 
Thompson Levantesi et al., 2012; Traoré et al., 2015 
Tilene Traoré et al., 2015 
Typhi Levantesi et al., 2012 
Typhimurium Sharan et al., 2011; Levantesi et al., 2012; Traoré et al., 2015 
Urbana Levantesi et al., 2012 
Virchow Traoré et al., 2015 
Vejle Levantesi et al., 2012 
Virchow Levantesi et al., 2012 
Wagadugu Traoré et al., 2015 
Weltevreden Levantesi et al., 2012 
Weslaco McEgan et al., 2014 
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Table A2 Salmonella and Humans 
Serovar Reference 
Aberdeen Afema et al., 2016 Wierup and Haggblom 2010 
Agona Liang et al., 2015; Wierup and Haggblom 2010 
Albany Chiu et al., 2010; Liang et al., 2015 
Anatum Zweifel and Stephan 2012; Ben Salem et al., 2010 
Baildon Mattson et al., 2011 
Bareilly Levantesi et al., 2012 
Blockley Onyango et al., 2009 
Braenderup Eguale et al., 2015; Mattson et al., 2011; Mizoguchi et al., 2011 
Brandenburg Bonardi et al., 2016 
Bredeney Chen et al., 2010 
Cerro Ben Salem et al., 2010 
Concord Beyene et al., 2011; Alemu and Zewde 2011; Eguale et al., 2015 
Damman Afema et al., 2016 
Derby 
Bonardi et al., 2016; Frasson et al., 2016; Liang et al., 2015; Betancor et al., 
2010; Chiu et al., 2010 
Ealing Moretro et al., 2012 
Eastbourne Komitopoulou and Penaloza 2009 
Enteritidis 
Eguale et al., 2015; Levantesi et al., 2012; Frasson et al., 2016; Ben Salem 
et al., 2010 
Hadar 
Espigares et al., 2006; Gantois et al., 2009; Liebana 2002; Jarquin et al., 
2009 
Haifa Afema et al., 2016 
Havana Afema et al., 2016; Chiu et al., 2010 
Heidelberg Afema et al., 2016; Betancor et al., 2010 
Heron Chen et al., 2010 
Indiana Luque et al., 2009; Ammari et al., 2009 
Infantis 
Liang et al., 2015; Frasson et al., 2016; Mizoguchi et al., 2011; Ben Salem 
et al., 2010 
Java Hernández et al., 2012 
Javiana Levantesi et al., 2012; Mattson et al., 2011; Zweifel and Stephan 2012 
Kentucky Afema et al., 2016; Eguale et al., 2015 
Kiambu Behravesh et al., 2011 
Kottbus Eguale et al., 2015 
Litchfield Afema et al., 2016; Hernández et al., 2012 
Livingstone Bonardi et al., 2016; Cabral 2010 
London Bonardi et al., 2016; Kim 2010 
Manhattan Bonardi et al., 2016 
Marina Hernández et al., 2012 
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Table A2 continued Salmonella and Humans 
Serovar Reference 
Mbandaka Cabral 2010 
Miami Eguale et al., 2015 
Mississippi Tahergorabi et al., 2012 
Montevideo Mattson et al., 2011; Ben Salem et al., 2010 
Muenchen 
Afema et al., 2016; Bonardi et al., 2016; Frasson et al., 2016; Levantesi et 
al., 2012 
Napoli Frasson et al., 2016 
Newport 
Eguale et al., 2015; Mattson et al., 2011; Levantesi et al., 2012; Ben Salem 
et al., 2010 
Nima Komitopoulou and Penaloza 2009 
Os Afema et al., 2016 
Panama Betancor et al., 2010; Frasson et al., 2016 
Paratyphi A Gordon 2008 
Paratyphi B Gordon 2008; Magnino et al., 2009 
Paratyphi B bv Java Levantesi et al., 2012 
Paratyphi C Han et al., 2006 
Plymouth Afema et al., 2016 
Pomona Hernández et al., 2012 
Poona Afema et al., 2016; Hernández et al., 2012 
Rissen Bonardi et al., 2016; Frasson et al., 2016; Liang et al., 2015 
Rubislaw Zweifel and Stephan 2012 
Saint-Paul 
Eguale et al., 2015; Levantesi et al., 2012; Mattson et al., 2011; Zweifel 
and Stephan 2012; Ben Salem et al., 2010 
Schwarzengrund Chen et al., 2010; Behravesh et al., 2011 
Senftenberg Afema et al., 2016; Stepan et al., 2011; Zweifel and Stephan 2012 
Stanley Bonardi et al., 2016; Liang et al., 2015; Swearingen et al., 2012 
Stanleyville Afema et al., 2016 
Tennessee Silva and Gibbs 2012 
Thompson Zweifel and Stephan 2012; Liang et al., 2015 
Thomson Frasson et al., 2016 
Treforest Chen et al., 2010 
Typhimurium 
Afema et al., 2016; Eguale et al., 2015; Levantesi et al., 2012; Mattson et 
al., 2011 
Typhimurium DT40 Lawson et al., 2010 
Typhimurium DT104 Varga et al., 2008 
Typhimurium DT160 Lawson et al., 2010 
Typhimurium DT193 Varga et al., 2008 
Typhi García-Fernández et al., 2015; Steenackers et al., 2012 
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Table A2 continued Salmonella and Humans 
Serovar Reference 
Typhi Vi+ Cabral 2010 
Virchow Eguale et al., 2015 
Weltevreden Liang et al., 2015; Levantesi et al., 2012 
Table A3 Salmonella outbreaks 
Item Area Serovars Year Reference 
Alfalfa sprouts United States Saint-Paul 2009 Akiyama et al., 2011 
Almonds US & Canada Enteritidis 2001 Parker et al., 2010 
Bread 
(hamburger 
buns) 
United States Thompson 2000 Kimura et al., 2005 
Cantaloupe 
United States 
Chester 1990 
Beuchat and Scouten 
2004; Ukuku and Sapers 
2007 
Poona 2000 Penteado and Leitão 2004 
Saphra 1997 
Beuchat and Scouten 
2004 
US & Canada Poona 1991 
Beuchat and Scouten 
2004; Penteado and 
Leitão 2004; Ukuku and 
Sapers 2007 
Canada Oranienburg 1998 
Beuchat and Scouten 
2004 
Carpaccio Denmark 
Typhimurium 
DT104 
? Ethelberg et al., 2007 
Cheese, goats 
milk 
France Paratyphi B 1993 Wray and Wray 2000 
Chicken England Virchow 1968 
Crump et al., 2002; 
Jarquin et al., 2009 
Chickens, baby United States Montevideo 1995/1996 Unicomb et al., 2005 
Chicken Liver Israel Hadar 1958 
Crump et al., 2002; 
Jarquin et al., 2009 
Chicken noodle 
dish 
Lebanon Enteritidis 2004 Hanna et al., 2009 
Chocolates Canada Nima 1986 
Komitopoulou and 
Penaloza 2009 
Chocolates Germany Oranienburg 2001 
Komitopoulou and 
Penaloza 2009 
Chocolates 
Norway + 
Finland 
Typhimurium 1986 
Komitopoulou and 
Penaloza 2009 
Sweden Durham 1970 
Komitopoulou and 
Penaloza 2009 
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Table A3 continued Salmonella outbreaks 
Item Region Serovar Year Reference 
Chocolates 
UK 
Montevideo 2006 
Komitopoulou and 
Penaloza 2009 
Napoli 1982/1983 
Komitopoulou and 
Penaloza 2009 
US and Canada Eastbourne 1973 
Komitopoulou and 
Penaloza 2009 
Cilantro United States 
Saint-Paul 2008 Tahergorabi et al., 2012 
Thompson 1999 
Zweifel and Stephan 
2012 
Coca de crema Catalonia, Spain Enteritidis 2002 Camps et al., 2005 
Eggnog 
Trinidad and 
Tobago 
Not given ? Adesiyun et al., 2007 
Ground Beef Unknown Newport 2002 Bosilevac et al., 2009 
Helva Sweden 
Typhimurium 
DT104 
2001 Unicomb et al., 2005 
Herbal Tea Germany Agona 2002/2003 
Zweifel and Stephan 
2012 
Ice Cream United States Enteritidis 1994 Velazquez et al., 2000 
Jalapeño 
peppers 
United States Saint-Paul 2008 
Akiyama et al., 2011; 
Jacobsen and Bech 2012 
Meat Sweden Typhimurium 1955 Mølbak et al., 2006 
Milk England Heidelberg 1963 Crump et al., 2002 
Milk, breast 
Czechoslovakia Typhimurium 1989 Cooke et al., 2009 
United States Kottbus 1970 Cooke et al., 2009 
Milk, infant 
formula 
Korea London 2000 Yong et al., 2005 
Paprika used for 
sprinkling 
potato chips 
Germany 
Javiana 1993 Zweifel and Stephan 2012 
Rubislaw 1993 Zweifel and Stephan 2012 
Saint-Paul 1993 Zweifel and Stephan 2012 
Roast Beef United States Saint-Paul 1975 Quintavalla et al., 2001 
Roast Rabbit Italy Hadar 1997 Bisbini et al., 2000 
Salad England Newport 2001 Willford et al., 2007 
Serrano peppers United States Saint-Paul 2008 
Akiyama et al., 2011; 
Jacobsen and Bech 2012 
Squid chips, 
dried 
Japan 
Oranienburg + 
Chester 
1999 Hiramatsu et al., 2005 
Tahini 
United States Mbandaka 1995 Unicomb et al., 2005 
Australia Montevideo 2002 Unicomb et al., 2005 
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Table A3 continued Salmonella outbreaks 
Item Region Serovar Year Reference 
Tomatoes 
United States Javiana 1990 
Guo et al., 2000; Guo et 
al., 2001 
United States Newport 2002 
Levantesi et al., 2012; 
Greene et al., 2008 
United States Newport 2005 
Levantesi et al., 2012; 
Greene et al., 2008 
United States Saint-Paul 2008 Akiyama et al., 2011 
Water United States Unknown 2008 Levantesi et al., 2012 
Watermelon United States Javiana 1991 Penteado and Leitão 2004 
 
Table A4 Disease conditions in humans caused by Salmonella 
Condition Reference 
Abdominal abscess Rodriguez et al., 2006 
Aphasia Zaki and Karande 2011 
Arthritis Xu et al., 2010 
Bacteraemia Chen et al., 2018 
Cerebellar ataxia Zaki and Karande 2011 
Cholecystitis Steenackers et al., 2012; Zaki and Karande 2011 
Chorea Zaki and Karande 2011 
Cystitis Rodriguez et al., 2006 
Diarrhoea Chen et al., 2018; Zaki and Karande 2011 
Endocarditis Arshad et al., 2008; Su et al., 2002 
Enteric fever Gordon and Graham 2008; Han et al., 2006 
Gastroenteritis Chakroun et al., 2018; Levantesi et al., 2012; Xu et al., 2010 
Infective aneurysm Soyer et al., 2009 
Liver abscess Zaki and Karande 2011 
Meningitis Levantesi et al., 2012; Zaki and Karande 2011 
Mesenteric lymphadenitis Arda et al., 2001 
Miscarriage Luque et al., 2009 
Myocarditis Hur et al., 2012 
Osteitis Laloum et al., 2005 
Osteomyelitis 
Zaki and Karande 2011; Levantesi et al., 2012; Kim 2010; Xu et al., 
2010 
Palatal palsy Zaki and Karande 2011 
Peritonitis Zaki and Karande 2011 
Respiratory tract 
infections 
Zaki and Karande 2011 
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Table A4 continued Disease conditions in humans caused by Salmonella 
Condition Reference 
Pneumonia Levantesi et al., 2012; Xu et al., 2010 
Psychosis Zaki and Karande 2011 
Septicaemia Hur et al., 2012; Zaki and Karande 2011; Kim 2010; Xu et al., 2010 
Seroma Rodriguez et al., 2006 
Splenic abscess Zaki and Karande 2011 
Urinary tract infection Arshad et al., 2008; Macedo-Vinas et al., 2009 
Table A5 Disease conditions in animals caused by Salmonella 
Serovar Animal  Disease/condition Reference 
Abortusequi Horse Equine paratyphoid 
Akiba et al., 1999; Akiba et al., 
2003 
Adelaide Goats Acute diarrhoea Al-Habsi et al., 2018 
Abortusovis Sheep 
Metritis Hoelzer et al., 2011 
Ovine abortion Hoelzer et al., 2011 
Peritonitis Hoelzer et al., 2011 
Placental retention Hoelzer et al., 2011 
Choleraesuis Pig 
Stillbirth Hoelzer et al., 2011 
Swine typhoid 
Boyen et al., 2008a; Chiu et al., 
2005 
Dublin 
Cattle 
Abortion Warnick et al., 2006 
Reproductive disorders Warnick et al., 2006 
Mink Abortion Dietz et al., 2006 
Sheep Abortion Hoelzer et al., 2011 
Gallinarum Avian species Fowl Typhoid 
Hoelzer et al., 2011; Blondel et 
al., 2010 
Heidelberg 
Domestic 
animals 
Enteric disease Amavisit et al., 2001a 
Septicaemia Amavisit et al., 2001a 
Muenchen Goats Acute diarrhoea Al-Habsi et al., 2018 
Pullorum Avian species Pullorum disease Hoelzer et al., 2011 
Singapore Goats Acute diarrhoea Al-Habsi et al., 2018 
Typhimurium 
Goats Acute diarrhoea Al-Habsi et al., 2018 
Mice Enteric fever Pui et al., 2011; Viala et al., 2011 
Pigs 
Enteritis Stevens et al., 2009 
Enterocolitis Boyen et al., 2006a 
Typhimurium 
Raptors Septicaemia Tizard 2004 
Sheep Abortion Hoelzer et al., 2011 
Typhimurium 
DT2 
Pigeon Paratyphoid Andrews-Polymenis et al., 2004 
Typhisuis Pigs Swine typhoid Boyen et al., 2008a 
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Table A6 Global incidence of enteric fever as per literature 
Number of Cases 
(Millions) 
Number of deaths (Where 
indicated) 
Reference 
21.0 to 33.0 Not applicable Tahergorabi et al., 2012 
16.0 600,000 Vollaard et al., 2005 
17.0 > 600,000 Tran et al., 2005 
17.0 ~ 600,000 Mølbak et al., 2006 
20.0 Not applicable Steenackers et al., 2012 
21.0 Not Applicable Wain and Hosoglu 2008 
21.0 > 200,000 Pandit et al., 2008 
21.65 216,510 Bhunia et al., 2009 
> 21.6 250,000 Zaki and Karande 2011 
21.6 220,000 Tracz et al., 2006 
21.6 216,500 Khanal et al., 2007 
22.0 200,000 Andrews-Polymenis et al., 2010 
25.0 > 200,000 Holt et al., 2009 
33.0 Not Applicable Akinyemi et al., 2005 
Table A7 Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Agona 
ampicillin, ciprofloxacin Krzyzanowski et al., 2014 
nalidixic acid, sulphonamides, 
tetracycline 
Masarikova et al., 2016 
ampicillin, nalidixic acid, sulphonamides, 
tetracycline 
Masarikova et al., 2016 
ampicillin, streptomycin, sulphonamides, 
tetracycline 
Masarikova et al., 2016 
ampicillin, sulphonamides, tetracycline, 
trimethoprim-sulfamethoxazole 
Masarikova et al., 2016 
nalidixic acid, streptomycin, 
sulphonamides, tetracycline 
Masarikova et al., 2016 
ampicillin, streptomycin, sulphonamides, 
tetracycline, trimethoprim-
sulfamethoxazole 
Masarikova et al., 2016 
Altona ampicillin, sulphonamides Masarikova et al., 2016 
Anatum sulfamethoxazole, tetracycline Krzyzanowski et al., 2014 
Anatum 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, streptomycin, 
tetracycline 
McEgan et al., 2014 
Bareilly 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, kanamycin, 
streptomycin, tetracycline, trimethoprim-
sulfamethoxazole 
McEgan et al., 2014 
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Table A7 continued Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Bareilly 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, chloramphenicol, 
kanamycin, nalidixic acid, streptomycin, 
tetracycline, trimethoprim-
sulfamethoxazole 
McEgan et al., 2014 
Braenderup 
ampicillin, streptomycin, sulphonamides, 
tetracycline, trimethoprim-
sulfamethoxazole 
Masarikova et al., 2016 
amoxicillin-clavulanic acid, ampicillin, 
cephalothin, imipenem, kanamycin, 
streptomycin 
McEgan et al., 2014 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, kanamycin, nalidixic acid, 
streptomycin, trimethoprim-
sulfamethoxazole 
McEgan et al., 2014 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, chloramphenicol, 
kanamycin, nalidixic acid, tetracycline, 
trimethoprim-sulfamethoxazole 
McEgan et al., 2014 
Concord 
ampicillin, aztreonam, cefazolin, 
cefepime, cefpodoxime, ceftazidime, 
ceftiofur, cefuroxime, cephalothin, 
chloramphenicol, streptomycin, 
sulfamethoxazole, trimethoprim, 
ceftriaxone 
Barnhill et al., 2011; Beyene 
et al., 2011 
Corvallis 
ampicillin, chloramphenicol, doxycycline 
hydrochloride, erythromycin, oxolinic 
acid, sulphonamides, 
sulfamethoxazole/trimethoprim, 
tetracycline 
Banerjee et al., 2012 
Derby 
ciprofloxacin, streptomycin, 
sulphonamides 
Bonardi et al., 2016 
nalidixic acid, streptomycin, tetracycline Bonardi et al., 2016 
streptomycin, sulphonamides, 
tetracycline 
Bonardi et al., 2016 
ciprofloxacin, streptomycin, 
sulphonamides, tetracycline 
Bonardi et al., 2016 
kanamycin, streptomycin, 
sulphonamides, tetracycline 
Bonardi et al., 2016 
nalidixic acid, streptomycin, 
sulphonamides, tetracycline 
Bonardi et al., 2016 
ampicillin, gentamycin, streptomycin, 
sulphonamides, tetracycline 
Bonardi et al., 2016 
gentamycin, kanamycin, streptomycin, 
sulphonamides, tetracycline 
Bonardi et al., 2016 
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Table A7 continued Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Derby 
ampicillin, kanamycin, streptomycin, 
sulphonamides, trimethoprim-
sulfamethoxazole, tetracycline 
Bonardi et al., 2016 
ampicillin, amoxicillin-clavulanic acid, 
chloramphenicol, ciprofloxacin, nalidixic 
acid, streptomycin, sulphonamides, 
trimethoprim-sulfamethoxazole, 
tetracycline 
Bonardi et al., 2016 
Florida 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, kanamycin, 
streptomycin 
McEgan et al., 2014 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, imipenem, 
kanamycin, streptomycin 
McEgan et al., 2014 
Gaminara 
Amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, kanamycin, 
streptomycin 
McEgan et al., 2014 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, chloramphenicol, 
kanamycin, nalidixic acid, streptomycin, 
tetracycline, trimethoprim-
sulfamethoxazole 
McEgan et al., 2014 
Haifa ampicillin, streptomycin, tetracycline Alemu and Zewde 2011 
Hartford 
amoxicillin, cefoxitin, cephalothin, 
kanamycin, nalidixic acid, streptomycin, 
tetracycline 
McEgan et al., 2014 
Amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, chloramphenicol, 
kanamycin, nalidixic acid, streptomycin, 
tetracycline 
McEgan et al., 2014 
Heidelberg 
β-lactams, aminoglycosides, 
chloramphenicol, sulfamethoxazole, 
tetracycline 
Hur et al., 2012 
ampicillin, amoxicillin/clavulanic acid, 
kanamycin, streptomycin, tetracycline 
Nde and Logue 2008 
Infantis 
ampicillin, amoxicillin-clavulanic acid Masarikova et al., 2016 
nalidixic acid, sulphonamides, 
tetracycline 
Masarikova et al., 2016 
amoxicillin-clavulanic acid, ceftazidime, 
nalidixic acid, tetracycline 
Masarikova et al., 2016 
ampicillin, sulphonamides, trimethoprim-
sulfamethoxazole, tetracycline 
Masarikova et al., 2016 
nalidixic acid, streptomycin, 
sulphonamides, tetracycline 
Masarikova et al., 2016 
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Table A7 continued Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Infantis 
nalidixic acid, sulphonamides, 
trimethoprim-sulfamethoxazole, 
tetracycline 
Masarikova et al., 2016 
ampicillin, streptomycin, sulphonamides, 
trimethoprim-sulfamethoxazole, 
tetracycline 
Masarikova et al., 2016 
ampicillin, ciprofloxacin, nalidixic acid, 
streptomycin, sulphonamides, 
tetracycline 
Masarikova et al., 2016 
ampicillin, nalidixic acid, streptomycin, 
sulphonamides, tetracycline, 
trimethoprim-sulfamethoxazole 
Masarikova et al., 2016 
Kentucky 
nalidixic acid, streptomycin, 
sulphonamides, tetracycline 
Masarikova et al., 2016 
Muenchen 
amoxicillin-clavulanic acid, cephalothin, 
chloramphenicol, kanamycin, nalidixic 
acid, tetracycline, trimethoprim-
sulfamethoxazole 
McEgan et al., 2014 
amoxicillin-clavulanic acid, ampicillin, 
cephalothin, chloramphenicol, 
kanamycin, nalidixic acid, tetracycline, 
trimethoprim-sulfamethoxazole 
McEgan et al., 2014 
München 
ceftazidime, tetracycline, aztreonam, 
cefotetan, cefepime 
Krzyzanowski et al., 2014 
Rough_O:d:1,7 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, gentamycin, 
streptomycin 
McEgan et al., 2014 
Rubislaw 
ampicillin, cefoxitin, cephalothin, 
kanamycin, streptomycin, tetracycline, 
trimethoprim-sulfamethoxazole 
McEgan et al., 2014 
Saintpaul 
amoxicillin-clavulanic acid, ampicillin, 
cefoxitin, cephalothin, kanamycin, 
streptomycin 
McEgan et al., 2014 
Typhi 
amoxicillin, 
trimethoprim/sulfamethoxazole 
Baltazar et al., 2015 
trimethoprim/sulfamethoxazole, 
chloramphenicol 
Baltazar et al., 2015 
amoxicillin, 
trimethoprim/sulfamethoxazole, 
tetracycline 
Baltazar et al., 2015 
amoxicillin, 
trimethoprim/sulfamethoxazole, 
chloramphenicol 
Baltazar et al., 2015 
Streptomycin, 
trimethoprim/sulfamethoxazole, 
tetracycline 
Baltazar et al., 2015 
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Table A7 continued Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Typhi 
amoxicillin, 
trimethoprim/sulfamethoxazole, 
chloramphenicol, tetracycline 
Baltazar et al., 2015 
amoxicillin, streptomycin, 
trimethoprim/sulfamethoxazole, 
chloramphenicol, tetracycline 
Baltazar et al., 2015 
streptomycin, Spectinomycin, 
sulfamethoxazole, chloramphenicol, 
tetracycline 
Baltazar et al., 2015 
amoxicillin, streptomycin, 
spectinomycin, sulfamethoxazole, 
chloramphenicol, tetracycline 
Baltazar et al., 2015 
ampicillin, chloramphenicol, nalidixic 
acid, streptomycin, sulfisoxazole, 
tetracycline, trimethoprim-
sulfamethoxazole 
Mølbak et al., 2006 
Typhimurium 
ampicillin, chloramphenicol Almeida et al., 2016 
ampicillin, nalidixic acid Almeida et al., 2016 
ampicillin, tetracycline Almeida et al., 2016 
ampicillin, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
chloramphenicol, nalidixic acid Almeida et al., 2016 
nalidixic acid, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
ampicillin, chloramphenicol, tetracycline Almeida et al., 2016 
ampicillin, chloramphenicol, 
trimethoprim-sulfamethoxazole 
Almeida et al., 2016 
ampicillin, nalidixic acid, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
ampicillin, sulfamethoxazole, tetracycline Krzyzanowski et al., 2014 
nalidixic acid, chloramphenicol, 
trimethoprim-sulfamethoxazole 
Almeida et al., 2016 
nalidixic acid, tetracycline, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
ampicillin, chloramphenicol, nalidixic 
acid, trimethoprim-sulfamethoxazole 
Almeida et al., 2016 
ampicillin, chloramphenicol, tetracycline, 
trimethoprim-sulfamethoxazole 
Almeida et al., 2016 
chloramphenicol, nalidixic acid, 
tetracycline, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
amoxicillin-clavulanic acid, ampicillin, 
chloramphenicol, nalidixic acid, 
trimethoprim-sulfamethoxazole 
Almeida et al., 2016 
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Table A7 continued Salmonella serovars resistant to multiple antibiotics 
Serovar Antibiotics Reference 
Typhimurium 
ampicillin, nalidixic acid, trimethoprim-
sulfamethoxazole, chloramphenicol, 
tetracycline 
Almeida et al., 2016 
ampicillin, chloramphenicol, 
ciprofloxacin, levofloxacin, nalidixic 
acid, tetracycline, trimethoprim-
sulfamethoxazole 
Almeida et al., 2016 
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APPENDIX B – Media combinations 
Media combinations for detection of Salmonella 
Table B1 2 Component media combinations 
Component 1 Component 2 Reference 
Brain heart infusion broth Hektoen enteric agar Stone et al., 1994 
Buffered peptone water 
Bismuth sulphite agar Wolffs et al., 2006 
Brilliant green agar Wolffs et al., 2006 
DIASALM 
Bangtrakulnonth et al., 2006; 
Rasschaert et al., 2007 
Hektoen enteric agar Raybaudi-Massilia et al., 2009 
MSRV 
Hein et al., 2006; Malorny and 
Hoorfar 2005; Arnold et al., 
2009 
Rambach agar Reissbrodt et al., 1996 
SM ID Stauffer et al., 2001 
Tryptic soy agar Rijpens et al., 1999 
XLD 
Reissbrodt et al., 1996; Rijpens 
et al., 1999; Choi et al., 2009 
Lactose broth 
Bismuth sulphite agar Beuchat and Scouten 2004 
Selenite cysteine broth 
Aydin et al., 2009a; Aydin et 
al., 2009b 
RVS 
Aydin et al., 2009a; Aydin et 
al., 2009b 
XLD Beuchat and Scouten 2004 
MSRV Rambach agar de Boer 1998 
Muller-Kauffmann 
Tetrathionate Broth 
Bismuth sulphite agar Nassib et al., 2003 
Brilliant green phenol red agar Nassib et al., 2003 
Hektoen enteric agar Nassib et al., 2003 
XLD Nassib et al., 2003 
Peptone water 
Bismuth sulphite agar 
Harakeh et al., 2005, Harakeh 
et al., 2006 
Brilliant-green phenol-red 
lactose sucrose agar 
Özdemir et al., 2006 
MSRV Guo et al., 2001 
Peptone water XLD Özdemir et al., 2006 
RV broth 
MSRV O’Donoghue et al., 1992 
Salmonella Shigella agar Espigares et al., 2006 
XLT-4 Holt et al., 2007 
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Table B1 continued 2 Component media combinations 
Component 1 Component 2 Reference 
RV 10 MSRV Feder et al., 2001 
RVS 
Brilliant green agar modified Lomonaco et al., 2009 
XLD Lomonaco et al., 2009 
Salmosyst broth Rambach agar 
Fierens and Huyghebaert 1996; 
Pignato et al., 1995; Touron et 
al., 2005 
Selenite broth 
Bismuth sulphite agar Ruiz et al., 1996 
CHROMagar Salmonella Perez et al., 2003 
Chromogenic ABC Perez et al., 2003 
Compass Salmonella agar Perez et al., 2003 
Hektoen enteric agar 
Ben Aissa et al., 2007; 
Schuurman et al., 2007; Srijan 
et al., 2015 
Brilliant green agar modified 
Davies and Wray 1994a; van 
Duijkeren et al., 2002 
Novobiocin-brilliant green-
glycerol-lactose agar 
Ruiz et al., 1996 
Oxoid Salmonella 
chromogenic media 
Cassar and Cuschieri 2003 
Salmonella Shigella agar 
Ruiz et al., 1996, Schuurman et 
al., 2007 
SM ID 
Perez et al., 2003; Ruiz et al., 
1996 
XLT-4 Smith et al., 2002 
Selenite cysteine broth 
Bismuth sulphite agar 
Falcao et al., 2002; Nassib et 
al., 2003 
Brilliant green agar 
Davies and Wray 1994b; 
Falcao et al., 2002 
Brilliant green agar modified Lomonaco et al., 2009 
Brilliant green phenol red Nassib et al., 2003 
Hektoen enteric agar Nassib et al., 2003 
Rambach agar Rajic et al., 2005 
Salmonella Shigella agar Falcao et al., 2002 
SM ID Davies and Wray 1994b 
XLD 
Lomonaco et al., 2009; Nair et 
al., 2018; Seepersadsingh and 
Adesiyun 2003 
XLT-4 Rajic et al. 2005 
Selenite F broth 
Bismuth sulphite agar Devenish et al., 1986 
Brilliant green sulfa Devenish et al., 1986 
Hektoen enteric agar 
Devenish et al., 1986; Davison 
et al., 1999 
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Table B1 continued 2 Component media combinations 
Component 1 Component 2 Reference 
Selenite F broth 
Novobiocin-brilliant green-
glucose agar 
Devenish et al., 1986 
Salmonella Shigella agar Devenish et al., 1986 
XLD 
Devenish et al., 1986; Davison 
et al., 1999 
Tetrathionate broth 
Bismuth sulphite agar Falcao et al., 2002 
Brilliant green agar Falcao et al., 2002 
Hektoen enteric agar Dusch and Altwegg 1995 
MSRV 
Dusch and Altwegg 1995; 
Abouzeed et al., 2000 
Novobiocin-brilliant green-
glycerol-lactose agar 
Dusch and Altwegg 1995 
Rambach agar Dusch and Altwegg 1995 
Salmonella Shigella agar Falcao et al., 2002 
SM ID Dusch and Altwegg 1995 
XLD 
Seepersadsingh and Adesiyun 
2003 
XLT-4 
Dusch and Altwegg 1995; Carli 
et al., 2001; Warnick et al., 
2003 
Tetrathionate Brilliant Green 
broth 
Brilliant green agar with 
novobiocin 
Kinde et al., 2004 
XLT-4 Kinde et al., 2004 
Tryptic Soy broth 
Tryptic soy agar Rijpens et al., 1999 
XLD Rijpens et al., 1999 
Universal pre-enrichment 
media 
Tryptic soy agar Rijpens et al., 1999 
XLD Rijpens et al., 1999 
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Table B2 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
Brain heart infusion broth RV XLD Kumar et al., 2008 
BPW 
DIASALM 
Brilliant green agar McDowell et al., 2007 
Rambach 
McDowell et al., 2007; Davies et 
al., 2003; Davies et al., 2004 
XLD Uyttendaele et al., 2003 
Kiman 
Rambach Blivet et al., 1997 
XLT-4 Blivet et al., 1997 
MSRV 
Brilliant green agar 
Sodagari et al., 2019; Hellgren et 
al., 2019; Van Hoorebeke et al., 
2009 
Brilliant-green-phenol-red agar Eriksson and Aspan 2007 
Brilliant green agar modified with 
novobiocin 
Carrique-Mas et al., 2009 
Rambach agar 
Martelli et al., 2018; Carrique-Mas 
et al., 2009; Burel et al., 2013; 
Pedersen et al., 2009 
RAPID Salmonella agar Peeters et al., 2019 
XLD 
Peeters et al., 2019; Sodagari et al., 
2019; Guyomard-Rabenirina et al., 
2019 
Mannitol selenite cysteine broth 
Bismuth sulphite agar Holds et al., 2008 
XLD Holds et al., 2008 
Lysine-mannitol-glycerol agar  Hu et al., 1997 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
Muller-Kauffmann tetrathionate 
broth 
Bismuth sulphite agar 
Worcman-Barninka et al. 2001; 
Nassib et al., 2003 
Brilliant green agar Pignato et al., 1995; Vo et al., 2006 
Brilliant green phenol red Nassib et al., 2003 
Brilliant-green phenol-red lactose 
sucrose agar 
Michael et al., 2003 
Desoxycholate citrate lactose Agar Pignato et al., 1995 
Hektoen enteric agar Nassib et al., 2003 
Rambach 
Michael et al., 2003; Worcman-
Barninka et al., 2001 
XLD Vo et al., 2006; Nassib et al., 2003 
XLT-4 
Burel et al., 2013; Worcman-
Barninka et al., 2001 
Muller-Kauffmann tetrathionate-
brilliant Green 
Rambach Blivet et al., 1997 
XLT-4 Blivet et al., 1997 
Muller-Kauffmann Tetrathionate 
broth with novobiocin 
AES Salmonella agar Schönenbrücher et al., 2008 
Brilliant Green Agar 
Koyuncu and Haggblom 2009; 
Sodagari et al., 2019 
Brilliance Salmonella agar Parker et al., 2019 
Brilliant green agar modified 
Esteban et al., 2008; Little et al., 
2008 
Oxoid Salmonella Chromogenic 
Media 
Schönenbrücher et al., 2008 
XLD 
Koyuncu and Haggblom 2009; 
Sodagari et al., 2019; Esteban et al., 
2008; Parker et al., 2019 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
Muller-Kauffmann Tetrathionate 
broth with novobiocin 
XLT-4 Schönenbrücher et al., 2008 
RV Bismuth Sulphite Agar Holds et al., 2008 
RV 
Brilliant Green agar 
Byrne et al., 2008; Murphy et al., 
2008; Prendergast et al., 2009; 
Pieskus et al., 2006;  
Brilliant green agar with 
novobiocin 
Oliveira et al., 2003 
Brilliant green desoxycholate agar Arvanitidou et al., 2005 
Brilliant green phenol red lactose 
saccharose 
Geue and Löschner 2002; 
Mürmann et al., 2009 
Brilliant-Green Phenol-Red Lactose 
Sucrose agar 
Michael et al., 2003; Schotte et al., 
2007 
Brilliant Green sulphide 
Fakhr et al., 2006; Jones and 
Musgrove 2008 
CHROMagar Salmonella Rall et al., 2005; Francy et al., 2009 
Desoxycholate Citrate Agar Cheung et al., 2004 
Hektoen enteric agar 
Ben Aissa et al., 2007; Bonardi et 
al., 2003; Ammari et al., 2009 
Lysine-mannitol-glycerol agar Hu et al., 1997 
Mannitol-lysin-crystal violet-
brilliant green agar 
Byrne et al., 2008; Murphy et al., 
2008;  
Brilliant Green agar modified 
Cheung et al., 2004; Ohtsuka et al., 
2005; Erkan et al., 2007 
MSRV Bangtrakulnonth et al., 2006 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
RV 
Rainbow agar Salmonella Fratamico 2003 
Rambach 
Bohaychuk et al., 2007; Rall et al., 
2005; Pieskus et al., 2006 
Salmonella Shigella agar 
Arvanitidou et al., 2005; Rall et al., 
2005; Erkan et al., 2007 
SM ID Stauffer et al., 2001 
XLD 
Holds et al., 2008; Kumar et al., 
2008; Luque et al., 2009; Younis et 
al., 2009; Prendergast et al., 2009 
XLT-4 
Fakhr et al., 2006; Mürmann et al., 
2009; Jones and Musgrove 2008 
RV 10 
Bismuth Sulphite agar Martinez-Urtaza et al., 2004 
Brilliant Green Phenol Red Martinez-Urtaza et al., 2004 
Brilliant green sulfa agr Patel et al., 2006 
Hektoen enteric agar Martinez-Urtaza et al., 2004 
XLT-4 Patel et al., 2006 
RVS 
AES Salmonella agar Schönenbrücher et al., 2008 
Brilliant green agar 
Koyuncu and Haggblom 2009; 
Beharielal et al., 2018; 
Schönenbrücher et al., 2008 
Brilliant -Green-Phenol-Red agar Eriksson and Aspan 2007 
Brilliance Salmonella agar Parker et al., 2019 
Mannitol-lysin-crystal violet-
brilliant green agar 
Van Schothorst et al., 1987; Joosten 
et al., 2006 
Miller Mallinson Schönenbrücher et al., 2008 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
RVS 
Brilliant green agar modified 
Davies and Wray 1994a; Esteban et 
al., 2008; Jorgensen et al., 2002; 
Little et al., 2008; Lomonaco et al., 
2009 
MSRV O'Donoghue and Winn 1993 
Oxoid Salmonella Chromogenic 
Media 
Schönenbrücher et al., 2008 
Rambach 
Josefsen et al., 2007; McDowell et 
al., 2007; Pedersen et al., 2009 
SM ID Davies et al., 1994a 
XLD 
Ali et al., 2017; Beharielal et al., 
2018; Lomonaco et al., 2009; 
Parker et al., 2019 
XLT4 Schönenbrücher et al., 2008 
Selenite 
Brilliant Green Agar 
Ebani et al., 2005; Pieskus et al., 
2006 
Rambach Pieskus et al., 2006 
Salmonella Shigella agar Ebani et al., 2005 
XLD Pieskus et al., 2006 
Selenite Cysteine broth 
Bismuth Sulphite agar 
Martinez-Urtaza et al., 2004; 
Nassib et al., 2003 
Brilliant green agar 
Bonardi et al., 2003; Rall et al., 
2005; van Nierop et al., 2005; 
Watabe et al., 2003 
Brilliant -Green-Phenol-Red agar 
Eriksson and Aspan 2007; 
Martinez-Urtaza et al., 2004; 
Nassib et al., 2003 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
Selenite Cysteine broth 
Brilliant-Green Phenol-Red Lactose 
Sucrose agar 
Michael et al., 2003 
CHROMagar Salmonella Rall et al., 2005 
Desoxycholate Citrate Agar Economou et al., 2013 
Desoxycholate Citrate Lactose 
Agar 
Pignato et al., 1995 
Hektoen enteric agar 
Bonardi et al., 2003; Bustamante et 
al., 2008; Martinez-Urtaza et al., 
2004; Nassib et al., 2003 
Modified brilliant green agar 
Jorgensen et al., 2002; Erkan et al., 
2007; Lomonaco et al., 2009 
Rambach 
Michael et al., 2003; Rall et al., 
2005; Corrente et al., 2004 
Salmonella Shigella agar 
Economou et al., 2013; Erkan et al., 
2007 
XLD 
Eriksson and Aspan 2007; 
Lomonaco et al., 2009; Watabe et 
al., 2003 
XLT4 Michael et al. 2003 
Selekta broth 
Brilliant -Green-Phenol-Red agar Eriksson and Aspan 2007 
XLD Eriksson and Aspan 2007 
Strontium Chloride B 
Bismuth Sulphite agar Hu et al., 1997 
Lysine-mannitol-glycerol agar Hu et al., 1997 
XLD Hu et al., 1997 
Tetrathionate broth 
Bismuth Sulphite agar Hu et al., 1997 
Brilliant Green Agar 
van Nierop et al., 2005; Desmidt et 
al., 1998 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW 
Tetrathionate broth 
Brilliant green phenol red lactose 
saccharose 
Mürmann et al., 2009 
Brilliant Green sulfa Agar Patel et al., 2006 
Lysine-mannitol-glycerol agar Hu et al., 1997 
Modified brilliant green agar Ohtsuka et al., 2005 
MSRV Afflu and Gyles 1997 
Rambach Bohaychuk et al., 2007 
XLD 
Hu et al., 1997; Ohtsuka et al., 
2005; van Nierop et al., 2005 
XLT4 
Bohaychuk et al., 2007; Mürmann 
et al., 2009; Patel et al., 2006 
Tetrathionate broth with iodine XLT4 Rajic et al., 2005 
Tetrathionate Brilliant Green Broth 
Brilliant Green agar Rall et al., 2005 
Brilliant green phenol red lactose 
saccharose 
Geue and Löschner 2002 
CHROMagar Salmonella Rall et al., 2005 
Rambach Rall et al., 2005 
Salmonella Shigella agar Rall et al., 2005 
Tetrathionate broth Hajna 
Brilliant Green Sulfide 
Fakhr et al., 2006; Jones and 
Musgrove 2008 
XLD 
Geue and Löschner 2002; Rall et 
al., 2005 
XLT4 
Fakhr et al., 2006; Jones and 
Musgrove 2008 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW and Cysteine 
RV 
Brilliant green agar with 
sulfapiridine 
Hara-Kudo et al., 2001 
CHROMagar O157 TAM 
(CHROM) 
Hara-Kudo et al., 2001 
Desoxycholate hydrogen sulfate 
lactose (DHL) agar 
Hara-Kudo et al., 2001 
ES Salmonella II (ES II) agar Hara-Kudo et al., 2001 
Mannitol-lysin-crystal violet-
brilliant green agar 
Hara-Kudo et al., 2001 
Modified brilliant green agar Hara-Kudo et al., 2001 
Rambach Hara-Kudo et al., 2001 
SM ID Hara-Kudo et al., 2001 
XLD Hara-Kudo et al., 2001 
XLT4 Hara-Kudo et al., 2001 
Tetrathionate broth 
Brilliant green agar with 
sulfapiridine 
Hara-Kudo et al., 2001 
CHROMagar O157 TAM 
(CHROM) 
Hara-Kudo et al., 2001 
Desoxycholate hydrogen sulfate 
lactose (DHL) agar 
Hara-Kudo et al., 2001 
ES Salmonella II (ES II) agar Hara-Kudo et al., 2001 
Mannitol-lysin-crystal violet-
brilliant green agar 
Hara-Kudo et al., 2001 
Modified brilliant green agar Hara-Kudo et al., 2001 
Rambach Hara-Kudo et al., 2001 
SM ID Hara-Kudo et al., 2001 
XLD Hara-Kudo et al., 2001 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
BPW and Cysteine Tetrathionate broth XLT4 Hara-Kudo et al., 2001 
Enterobacteriaceae-enrichment 
broth 
Selenite Brilliant Green 
Brilliant green agar with 
sulfapiridine 
Hara-Kudo et al., 2001 
Selenite Brilliant Green 
CHROMagar O157 TAM 
(CHROM) 
Hara-Kudo et al., 2001 
Desoxycholate hydrogen sulfate 
lactose (DHL) agar 
Hara-Kudo et al., 2001 
ES Salmonella II (ES II) agar Hara-Kudo et al., 2001 
Mannitol-lysin-crystal violet-
brilliant green agar 
Hara-Kudo et al., 2001 
Modified brilliant green agar Hara-Kudo et al., 2001 
Rambach Hara-Kudo et al., 2001 
SM ID Hara-Kudo et al., 2001 
XLD Hara-Kudo et al., 2001 
Selenite Brilliant Green XLT4 Hara-Kudo et al., 2001 
Selenite Cysteine Broth 
Brilliant green agar with 
sulfapiridine 
Hara-Kudo et al., 2001 
CHROMagar O157 TAM 
(CHROM) 
Hara-Kudo et al., 2001 
Desoxycholate hydrogen sulfate 
lactose (DHL) agar 
Hara-Kudo et al., 2001 
ES Salmonella II (ES II) agar Hara-Kudo et al., 2001 
Mannitol-lysin-crystal violet-
brilliant green agar 
Hara-Kudo et al., 2001 
Modified brilliant green agar Hara-Kudo et al., 2001 
Rambach Hara-Kudo et al., 2001 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
Enterobacteriaceae-enrichment 
broth 
Selenite Cysteine Broth 
SM ID Hara-Kudo et al., 2001 
XLD Hara-Kudo et al., 2001 
XLT4 Hara-Kudo et al., 2001 
GN broth RV XLT-4 Love and Rostagno 2008 
GN Hajna 
Muller-Kauffmann Tetrathionate XLT4 Freschi et al., 2005 
RV R10 
Brilliant green agar with 
sulfadiazine 
Dargatz et al., 2003 
XLT4 Dargatz et al., 2003 
RV 
Brilliant green agar with 
sulfadiazine 
Bearson and Bearson 2008 
Brilliant Green sulfa Agar Rostagno et al., 2003 
XLT4 
Freschi et al., 2005; Rostagno et al., 
2003 
Selenite Cysteine XLT4 Freschi et al., 2005 
Lactose broth 
Kauffmann Tetrathionate Broth 
Hektoen enteric agar Vieira et al., 2001 
Holt Harris Teague Agar Vieira et al., 2001 
Rappaport medium modified 
according to Hofer 
Hektoen enteric agar Vieira et al., 2001 
Holt Harris Teague Agar Vieira et al., 2001 
Rappaport medium modified 
according to Hofer 
Bismuth Sulphite agar 
Pal and Marshall 2009; Kumar et 
al., 2009a; Kumar et al., 2009b 
Hektoen enteric agar 
Pal and Marshall 2009; Kumar et 
al., 2009a; Nero et al., 2009; Kumar 
et al., 2009b 
XLD 
Pal and Marshall 2009; Kumar et 
al., 2009a 
Selenite F 
Hektoen enteric agar Vieira et al., 2001 
Holt Harris Teague Agar Vieira et al., 2001 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
Lactose broth 
Selenite Cysteine 
Bismuth Sulphite agar 
Kumar and Kumar 2003; Mrema et 
al., 2006; Shabarinath et al., 2007 
Brilliant Green Agar Mrema et al., 2006 
Hektoen enteric agar 
Chang and Fang 2007; Kumar and 
Kumar 2003; Shabarinath et al., 
2007 
XLD 
Chang and Fang 2007; Kumar and 
Kumar 2003; Mrema et al., 2006; 
Shabarinath et al., 2007 
Tetrathionate broth 
Bismuth Sulphite agar 
Pal and Marshall 2009; Kumar et 
al., 2009a; Kumar et al., 2009b 
Hektoen enteric agar 
Pal and Marshall 2009; Kumar et 
al., 2009a; Kumar et al., 2009b 
XLD 
Cetinkaya et al., 2008; Chang and 
Fang 2007; Kumar et al., 2009a 
Nutrient Broth Tetrathionate Brilliant Green Broth Brilliant Green sulfa Agar Letellier et al., 1999 
Peptone water RV 
XLD Burtscher and Wuertz 2003 
XLT4 Love and Rostagno 2008 
RV Selenite Cysteine broth 
Hektoen enteric agar O’Donoghue et al., 1992 
Mannitol-lysin-crystal violet-
brilliant green agar 
O’Donoghue et al., 1992 
XLD O’Donoghue et al., 1992 
Selenite Cysteine broth RV 
Brilliant-green phenol-red lactose 
sucrose (BPLS) agar 
Cortez et al., 2006 
Brilliant green agar with 
sulfadiazine 
Bearson and Bearson 2008 
Brilliant Green sulfa Agar Rostagno et al., 2003 
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Table B2 continued 3 Component media combinations 
Component 1 Component 2 Component 3 Reference 
Tetrathionate broth 
RV XLT4 
Rostagno et al., 2003; Love and 
Rostagno 2008 
RV R10 
Brilliant Green Agar Nucera et al., 2006 
Brilliant Green Agar with 
novobiocin 
Edrington et al., 2004 
brilliant green agar with 
sulfadiazine 
Dargatz et al., 2003 
XLT4 Nucera et al., 2006 
Tryptic Soy Broth MSRV XLD Shellenbarger et al., 2008 
 
Table B3 4 component media combinations 
Component 1 Component 2 Component 3 Component 4 Reference 
BPW 
Dynabeads anti-Salmonella 
RV 
Mannitol-lysin-crystal 
violet-brilliant green agar 
Barker et al., 2000 
Modified brilliant green 
agar 
McEvoy et al., 2003 
RVS 
Brilliant Green Agar Fegan et al., 2004 
Hektoen enteric agar Wong et al., 2007 
XLD Wong et al., 2007 
RV broth Mannose Broth 
XLD Pao et al., 2005 
XLT4 Pao et al., 2005 
Tetrathionate broth with 
iodine 
MSRV 
Rambach Rajic et al., 2005 
XLT4 Rajic et al., 2005 
Tryptic Soy broth RV 10 broth MSRV Hektoen enteric agar Feder et al., 2001 
 
162 
 
APPENDIX C – Materials and methods 
Table C1 Media and supplements 
Type Name Company 
Broth Lactose broth Oxoid Ltd 
Rappaport-Vassiliadis broth Oxoid Ltd 
Rappaport-Vassiliadis with Soya peptone broth Oxoid Ltd 
Tetrathionate broth Sigma-Aldrich 
Plate Bismuth sulphite agar Oxoid Ltd 
 Brilliant green agar Oxoid 
 Brilliant green agar modified Oxoid Ltd 
 CHROMagarTM Salmonella CHROMagar 
 Harlequin Salmonella ABC LAB. M 
 Hektoen enteric agar Oxoid Ltd 
 Modified semi-solid Rappaport Vassiliadis Oxoid Ltd 
 Rambach agar CHROMagar 
 Rapid Salmonella agar Bio-Rad 
 Salmonella-Shigella agar Oxoid Ltd 
 XLD agar Oxoid Ltd 
 XLT-4 agar Oxoid Ltd 
Supplement MSRV Selective supplement Oxoid Ltd 
 Salmonella sulpha-mandalate supplement Oxoid Ltd 
 XLT-4 selective supplement Oxoid Ltd 
 Rambach agar supplement CHROMagar 
 
Preparation of media 
Lactose broth 
Thirteen grams of powdered media was added to 1 litre of distilled water. This was 
mixed and 225 ml distributed to Erlenmeyer flasks (Schott Duran). Media was 
sterilised by autoclaving at 121˚C for 20 minutes. 
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Rappaport-Vassiliadis broth 
Thirty grams of powdered media was added to 1 litre of distilled water. This was gently 
heated until fully dissolved. 10 ml volumes was then dispensed into test tubes (Kimble). 
Media was sterilised by autoclaving at 121˚C for 20 minutes. 
Rappaport-Vassiliadis with Soya peptone broth 
Twenty-seven point seven five grams of powdered media was added to 1 litre of 
distilled water. This was gently heated until fully dissolved. 10 ml volumes was then 
dispensed into test tubes (Kimble). Media was sterilised by autoclaving at 121˚C for 
20 minutes. 
Tetrathionate broth 
Forty-six grams of powdered media was dissolved in 1 litre of distilled water. This was 
carefully heated until boiling without autoclaving. The solution was cooled to below 
45°C, after which 20 ml iodide solution [5 g potassium iodide (Separations) and 6 g 
iodine (Sigma-Aldrich) in 20 ml distilled water] and 10 ml 0.1% brilliant green (Sigma-
Aldrich) solution was added. After mixing 10ml volumes were distributed to test tubes 
(Kimble) taking care that that the insoluble material was evenly distributed. Media was 
prepared on day of use. 
Bismuth sulphite agar 
Twenty grams of powdered media was added to 500 ml of distilled water. This was 
gently heated with frequent agitation until media just began to boil, and simmered for 
30 seconds to dissolve agar. After cooling to 50-55°C it was mix and poured into petri 
dishes. 
Brilliant green agar 
Fifty grams of powdered media was added to 1 litre of distilled water. This was brought 
to the boil to dissolve completely. Media was sterilised by autoclaving at 121˚C for 20 
minutes. After cooling down to 50°C, it was poured into petri dishes. 
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Brilliant green agar modified 
Five millilitres sterile distilled water was added to a vial of Salmonella sulpha-
mandalate supplement and gently mixed to dissolve the contents. 
Fifty-two grams of powdered media was added to 1 litre of distilled water and gently 
heated with occasional agitation until just boiling. After cooling to 50°C, the 
reconstituted Salmonella sulpha-mandalate supplement (1 vial of supplement per 500 
ml of media) was added. This was then mixed and poured into petri dishes. 
CHROMagar Salmonella 
Thirty-four point nine grams of powdered media was added to 1 litre of distilled water. 
This was heated and brought to the boil while swirling or stirring regularly until 
complete fusion of agar was been achieved. After cooling to 45-50°C it was mixed and 
poured into petri dishes. 
Harlequin Salmonella ABC 
Thirty-six point five grams of powdered media was added to 1 litre of distilled water 
and allowed to soak for 10 minutes with swirling to mix. Media was sterilised by 
bringing to the boil, without autoclaving. After cooling to 47°C, media was poured into 
petri dishes. 
Hektoen enteric agar 
Seventy-six grams of powdered media was added to 1 litre of distilled water and 
allowed to soak for 10 minutes. The media was then gently heated and allow to boil for 
a few seconds. After cooling to 50°C the media was poured into petri dishes. 
Modified Semi-solid Rappaport-Vassiliadis 
Two millilitres of sterile distilled water was added to 1 vial of MSRV selective 
supplement and mixed. 
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Fifteen point eight grams of powdered media was added to 500 ml distilled water and 
brought to the boil with frequent agitation. After cooling to 50°C the reconstituted 
supplement was added, mix and poured into petri dishes. 
Rambach agar 
Thirty-seven point seven grams of powdered media was added to 1 litre of distilled 
water. And gently mixed. 10.4 ml supplement was then added and mixed by swirling 
for mixing. The mixture was then brought to the boil while swirling or regular stirring 
until the agar was fully dissolved. After cooling to 45-50°C and gentle mixing the 
media was poured into petri dishes. 
Rapid Salmonella agar 
Forty-three point five grams of powdered media was added to 1 litre of distilled water 
and slowly brought to the boil while mixing. This was allowed to boil for 1 minute 
taking care not to overheat. The media was then poured into petri dishes. 
Salmonella-Shigella agar 
Sixty-three grams of powdered media was added to 1 litre of distilled water and bring 
to the boil while mixing. After cooling to 50°C and mixing the media was then poured 
into petri dishes. 
XLD agar 
Fifty-three grams of powdered media was added to 1 litre of distilled water. The 
mixture was then heated until just boiling after which it was removed from the heat and 
cooled to 50°C. The media was then mixed and poured into petri dishes. 
XLT-4 agar 
Fifty-nine grams of powdered media was added to 1 litre of distilled water, after which 
4.6 ml of XLT-4 selective supplement was added. This was then brought gently to the 
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boil with frequent agitation. After cooling to 50°C, the media was mixed and poured 
into petri dishes. 
Table C2 Criteria for presumptive identification of non-Salmonella colonies 
Media Identification Colony features 
Bismuth sulphite agar Non Salmonella spp. 
Inhibited, green or brown with 
no metallic sheen and staining 
of media 
Brilliant green agar 
Enterobacter 
Yellow to greenish yellow 
colony surrounded by yellow 
green zone 
Escherichia coli 
Yellow to greenish yellow 
colony surrounded by yellow 
green zone 
Klebsiella 
Yellow to greenish yellow 
colony surrounded by yellow 
green zone 
Proteus Small red colonies 
Pseudomonas Small red colonies 
Brilliant green agar modified 
Lactose or sucrose fermenters 
Inhibited to yellow green 
colonies 
Proteus 
Inhibited to red colonies 
without swarming 
Pseudomonas Small crenated red colonies 
CHROMagar Salmonella 
Citrobacter Blue 
Proteus Colourless or inhibited 
Harlequin Salmonella ABC 
Escherichia coli Black 
Klebsiella aerogenes Black 
Proteus Colourless 
Pseudomonas aeruginosa Colourless 
Shigella Colourless 
Hektoen enteric agar 
coliforms 
Salmon pink to orange colony 
with zone of bile precipitation 
Shigella Green, moist raised colony 
Rambach agar 
Citrobacter Blue 
Proteus Colourless or inhibited 
Rapid Salmonella agar 
Aeromonas hydrophila Clear pink to mink 
Citrobacter diversus Clear violet 
Citrobacter freundii White (Colourless) 
Citrobacter koseri Clear violet 
Enterobacter aerogenes Blue-green 
Enterobacter agglomerans White (Colourless) 
Enterobacter cloacae Turquoise 
167 
 
Table C2 continued Criteria for presumptive identification of non-Salmonella colonies 
Media Identification Colony features 
Rapid Salmonella agar 
Enterobacter sakazakii Turquoise or violet 
Escherichia coli White (Colourless) 
Hafnia alvei Blue clear violet 
Klebsiella oxytoca Turquoise 
Klebsiella pneumoniae Turquoise or white 
Proteus mirabilis White (Colourless) 
Serratia liquefaciens Blue-green to black 
Serratia marcescens Blue-green 
Serratia proteomaculans Turquoise 
Shigella sonnei White (Colourless) 
Staphylococcus aureus Inhibited to dark blue 
Yersinia enterocolotica Turquoise 
Salmonella-Shigella agar Shigella Straw coloured 
XLD 
Citrobacter Yellow, opaque 
Edwardsiella Red with black centre 
Enterobacter Yellow, opaque 
Escherichia Yellow, opaque 
Klebsiella Yellow, opaque 
Proteus Yellow, opaque 
Providencia Red 
Serratia Yellow, opaque 
Shigella Red 
XLT-4 Escherichia coli Reduced growth, yellow 
 
Preparation of buffers and chemicals used in DNA extraction 
Celite 
Celite solution was prepared by adding 50 ml of distilled water and 500 ul of 32% (w/v) 
HCl (Saarchem) to 10 g of Celite (Supelco). The suspension was divided into aliquots 
into small glass bottles, which were then closed and autoclaved at 121°C for 15 
minutes. The bottles were wrapped in foil and refrigerated. 
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Lysis buffer 
Lysis buffer is prepared by dissolving 120 g of guanidium thiocyanate (GuSCN) 
(Sigma-Aldrich) in 100 ml of 0.1 M Tris hydrochloride buffer (pH 6.4; Promega). To 
this was added 22 ml of a 0.2 M EDTA (Sigma-Aldrich) solution adjusted with NaOH 
to pH 8 and 2.6 g of Triton X-100 (Sigma-Aldrich), after which the solution was 
homogenised. 
Wash buffer 
Was buffer was prepared by adding 120 g of GuSCN to 100 ml of a 0.1 M Tris 
hydrochloride buffer (pH 6.4). The solution was heated in a water bath at 60-65°C with 
continuous shaking until the GuSCn had dissolved. 
Removal of DNA contamination from buffers 
To remove DNA from the lysis and wash buffers 5 ml Celite solution was added per 
50 ml of buffer. The suspension was incubated at room temperature for at least one 
hour, with frequent swirling to mix. After this the suspension was centrifuged at 200 
RPM for 5 minutes. The supernatant was collected and transferred to clean sterile 50 
ml polypropylene tubes (Greiner Bio-one). The tubes were wrapped in foil and stored 
at 4°C. 
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APPENDIX D – Additional result data 
Conventional detection on plate media 
Results obtained with selective plate media is shown in Table D1 and includes 
information for non-Salmonella growth along with that of presumptive positive 
Salmonella colonies. The centre column of the table shows media used in the second 
stage enrichment (highlighted in orange) and third stage enrichment (highlighted in 
blue). The left and right columns are for pre-enrichment media and is read from the left 
for BPW and from the right for lactose broth. 
No results are shown for CHROMagar Salmonella and tetrathionate broth for samples 
1 to 4 and samples 1 to 8 respectively. Due to unexpected delays in the arrival of 
necessary components the media was not available at the time. Regrettably it was not 
possible to delay the work and due to time constraints the samples could not be redone. 
Table D1 Presumptive colony identification 
Sample 1 
BPW  Lactose broth 
Growth MSRV No growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Escherichia coli, Klebsiella aerogenes HS 
Coliforms HE 
Citrobacter RA 
Enterobacter cloacae, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
RS 
Shigella SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli XLT-4 
Growth RV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella, Enterobacter cloacae, 
Klebsiella oxytoca, Klebsiella pneumoniae, 
Serratia proteomaculans 
RS Salmonella 
Shigella SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella RS Salmonella 
Shigella SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia XLD 
Shigella, Providencia, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
Escherichia coli XLT-4 Salmonella, Escherichia coli 
Sample 2 
Growth MSRV No growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS 
Coliforms HE 
Salmonella, Citrobacter RA 
Salmonella, Enterobacter cloacae, 
Klebsiella oxytoca, Klebsiella pneumoniae, 
Serratia proteomaculans, Yersinia 
enterocolotica 
RS 
Salmonella, Shigella SS 
Salmonella, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Escherichia coli XLT-4 
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Table D1 continued Presumptive colony identification 
BPW  Lactose broth 
Growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Coliform 
Citrobacter, Proteus RA Citrobacter 
Salmonella RS 
Salmonella, Enterobacter cloacae, 
Klebsiella oxytoca, Klebsiella pneumoniae, 
Serratia proteomaculans, Yersinia 
enterocolotica, Serratia liquefaciens, 
Serratia proteomaculans 
Salmonella SS Shigella 
Salmonella, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Salmonella, Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella RS Salmonella 
Salmonella SS Shigella 
Salmonella 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Salmonella XLT-4 Escherichia coli 
Sample 3 
Growth MSRV No Growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Escherichia coli, Klebsiella aerogenes HS 
Salmonella, coliforms HE 
Salmonella, Citrobacter RA 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Salmonella RS 
No results 
Salmonella, Shigella SS 
Salmonella, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Escherichia coli XLT-4 
Growth RV No visible growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Salmonella 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Coliform 
Salmonella, Citrobacter, Proteus RA Citrobacter 
Salmonella RS No growth 
Salmonella SS Coliforms or lactose fermenters 
Salmonella, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Salmonella, Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Coliforms 
Salmonella, Citrobacter RA Citrobacter 
Salmonella, Serratia RS Salmonella 
Salmonella SS Shigella 
Salmonella 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Salmonella XLT-4 Escherichia coli 
Sample 4 
BPW  Lactose broth 
Growth MSRV No Growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose sucrose fermenters BGM 
Escherichia coli, Klebsiella aerogenes HS 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Coliform HE 
No results 
Citrobacter RA 
Serratia RS 
Shigella SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli XLT-4 
Very weak growth RV No visible growth 
Salmonella BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose sucrose fermenters BGM No growth 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliform HE Coliform 
Citrobacter RA Citrobacter 
Salmonella, Enterobacter cloacae, 
Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica 
RS 
Enterobacter cloacae, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
Shigella SS Coliforms or lactose fermenters 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE coliforms 
Citrobacter RA Citrobacter 
Salmonella, Staphylococcus aureus RS 
Enterobacter cloacae, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolitica 
Shigella SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
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Table D1 continued Presumptive colony identification 
BPW  Lactose broth 
Sample 5 
Growth MSRV No Growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Citrobacter CS 
Escherichia coli, Klebsiella aerogenes HS 
Coliforms HE 
Citrobacter RA 
Enterobacter aerogenes, Proteus vulgaris, 
Serratia marcescens 
RS 
Shigella SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli XLT-4 
Growth RV No visible growth 
Salmonella BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM Salmonella 
Citrobacter CS No growth 
Escherichia coli, Klebsiella aerogenes HS No growth 
Coliforms HE No growth 
Citrobacter RA Citrobacter 
Salmonella, Staphylococcus aureus RS No growth 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 No growth 
Growth RVS No visible growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or Sucrose fermenters BGM Lactose or Sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA No growth 
Staphylococcus aureus RS No growth 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 No growth 
Sample 6 
Growth MSRV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Salmonella, Citrobacter RA Citrobacter 
Salmonella RS Staphylococcus aureus 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Salmonella, lactose or sucrose fermenters BGM Salmonella, lactose or sucrose fermenters 
Salmonella, Citrobacter CS Salmonella, Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Undefined RS 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica 
Coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Citrobacter diversus, Citrobacter koseri , 
Enterobacter sakazakii, Citrobacter 
freundii, Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS 
Salmonella, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Sample 7 
Growth MSRV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Staphylococcus aureus, Citrobacter 
freundii, Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS 
Citrobacter freundii, Escherichia coli, 
Enterobacter agglomerans, Hafnia alvei, 
Klebsiella pneumoniae, Proteus mirabilis, 
Shigella sonnei, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
Shigella SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
RS Salmonella 
Shigella, coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Shigella, Providencia, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS No growth 
Coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Shigella, Providencia, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Sample 8 
Growth MSRV No growth 
No growth BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Citrobacter CS 
Escherichia coli, Klebsiella aerogenes HS 
Coliforms HE 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Citrobacter RA 
No results 
Staphylococcus aureus RS 
Coliforms SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli XLT-4 
Growth RV No visible growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Salmonella, lactose or sucrose fermenters BGM Salmonella, lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE coliforms 
Citrobacter RA Citrobacter 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Aeromonas 
hydrophila 
RS Undefined 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, lactose or sucrose fermenters BGM Salmonella, lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Citrobacter freundii, Escherichia coli, 
Enterobacter agglomerans, Hafnia alvei, 
Klebsiella pneumoniae, Proteus mirabilis, 
Shigella sonnei, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
RS Undefined 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Sample 9 
No growth MSRV Growth 
No results 
BS Salmonella 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BGM Salmonella, lactose or sucrose fermenters 
CS Salmonella, Citrobacter 
HS 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HE Salmonella 
RA Salmonella, Citrobacter 
RS Salmonella, Staphylococcus aureus 
SS Salmonella, coliforms 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLT-4 Salmonella, Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
No growth BGM Salmonella, lactose or sucrose fermenters 
No growth CS Salmonella, Citrobacter 
No growth HS 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
No growth HE Salmonella, coliforms 
Citrobacter RA Citrobacter 
Salmonella RS 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Coliforms SS Salmonella, coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD Salmonella 
No growth XLT-4 Salmonella, Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, lactose or sucrose fermenters BGM Salmonella, Proteus, Pseudomonas 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Salmonella, Citrobacter 
Salmonella, Staphylococcus aureus, 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica 
RS Salmonella, Staphylococcus aureus 
Shigella SS Coliforms 
Salmonella XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Not able to determine TT Not able to determine 
No growth BS Salmonella 
Proteus, Pseudomonas BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, Proteus BGM Salmonella, Proteus 
No growth CS Salmonella, Citrobacter 
Shigella, Proteus, Pseudomonas 
aeruginosa 
HS Salmonella 
No growth HE Salmonella, Shigella 
No growth RA Salmonella, Citrobacter 
No growth RS Salmonella 
No growth SS Salmonella, Shigella 
No growth XLD Salmonella, Erwardsiella 
No growth XLT-4 Salmonella, Escherichia coli 
Sample 10 
Growth MSRV Growth 
Salmonella BS Salmonella 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Salmonella, coliforms 
Citrobacter RA Citrobacter 
Staphylococcus aureus RS 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Staphylococcus 
aureus 
Coliforms SS Shigella, coliforms 
Salmonella, Edwardsiella, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
XLD Salmonella, Edwardsiella 
Escherichia coli XLT-4 Escherichia coli 
No visible growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Shigella HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
RS 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Staphylococcus 
aureus 
Shigella SS Coliforms 
Salmonella, Edwardsiella, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Staphylococcus aureus RS 
Salmonella, Staphylococcus aureus, 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica 
Coliforms SS Coliforms  
Salmonella, Shigella, Providencia XLD Salmonella, Shigella, Providencia 
Escherichia coli XLT-4 Escherichia coli 
Not able to determine TT Not able to determine 
Salmonella BS Salmonella 
Salmonella, Proteus and Pseudomonas, 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Staphylococcus aureus RS No growth 
Coliforms SS Shigella 
Salmonella, Shigella, Providencia XLD 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 Escherichia coli 
Sample 11 
Growth MSRV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Staphylococcus 
aureus 
RS 
Citrobacter freundii, Escherichia coli, 
Enterobacter agglomerans, Hafnia alvei, 
Klebsiella pneumoniae, Proteus mirabilis, 
Shigella sonnei, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica, 
Staphylococcus aureus 
Shigella SS Shigella, coliforms 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM 
Salmonella, Proteus and Pseudomonas, 
Escherichia coli, Klebsiella or Enterobacter 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Salmonella, Shigella HE Shigella, coliforms 
Salmonella, Citrobacter RA Citrobacter 
Salmonella RS 
Citrobacter freundii, Escherichia coli, 
Enterobacter agglomerans, Hafnia alvei, 
Klebsiella pneumoniae, Proteus mirabilis, 
Shigella sonnei 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Salmonella, coliforms HE Coliforms 
Citrobacter RA Citrobacter 
No growth RS Staphylococcus aureus 
Coliforms SS Shigella 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD Salmonella, Shigella, Providencia 
Escherichia coli XLT-4 Escherichia coli 
Not able to determine TT Not able to determine 
Salmonella BS Salmonella 
Salmonella BG Escherichia coli, Klebsiella or Enterobacter 
Salmonella, Lactose or sucrose fermenters, 
Proteus, Pseudomonas 
BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Staphylococcus aureus, Enterobacter 
cloacae, Enterobacter sakazakii, 
Klebsiella oxytoca, Klebsiella pneumoniae, 
Serratia proteomaculans, Yersinia 
enterocolotica 
RS 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
Shigella SS Shigella 
Salmonella, Shigella, Providencia XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli XLT-4 Escherichia coli 
Sample 12 
Growth MSRV Growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, Lactose or Sucrose 
fermenters, Proteus 
BGM Lactose or sucrose fermenters 
Salmonella, Citrobacter CS Citrobacter 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Salmonella, Shigella HE Shigella, coliforms 
Salmonella, Citrobacter RA Citrobacter 
Salmonella, Staphylococcus aureus RS Salmonella 
Salmonella, coliforms SS Shigella, coliforms 
Salmonella, Edwardsiella, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, 
Proteus, Serratia 
XLD 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 Escherichia coli 
Growth RV No visible growth 
Salmonella BS Salmonella 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Salmonella, Proteus, Pseudomonas BGM Lactose or sucrose fermenters 
Salmonella, Citrobacter CS Citrobacter 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Salmonella, Shigella 
Salmonella, Citrobacter, Proteus RA Citrobacter 
No growth RS Salmonella 
Salmonella SS Shigella 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 Escherichia coli 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella BG Salmonella 
Salmonella, Proteus, Pseudomonas BGM Lactose or sucrose fermenters 
Salmonella, Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Salmonella, Shigella HE Salmonella, Shigella 
Salmonella, Citrobacter RA Citrobacter 
Salmonella RS Salmonella 
Salmonella, Shigella SS Salmonella, Shigella 
Salmonella, Shigella, Providencia XLD Salmonella, Shigella, Providencia 
Escherichia coli XLT-4 Escherichia coli 
Not able to determine TT Not able to determine 
Salmonella BS Salmonella 
Salmonella, Proteus, Pseudomonas BG Salmonella 
Salmonella, Proteus, Pseudomonas BGM No growth 
Salmonella, Citrobacter CS Citrobacter 
Salmonella HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Salmonella, Shigella 
Salmonella, Citrobacter RA Citrobacter 
Salmonella RS Salmonella 
Salmonella, Shigella SS Salmonella, Shigella 
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Table D1 continued Presumptive colony identification 
BPW TT Lactose broth 
Salmonella, Shigella, Providencia XLD Salmonella, Shigella, Providencia 
Escherichia coli XLT-4 Escherichia coli 
Sample 13 
Growth MSRV No growth 
Salmonella BS 
No result 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Citrobacter CS 
Escherichia coli, Klebsiella aerogenes HS 
Coliforms HE 
Citrobacter RA 
Salmonella RS 
Coliforms SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli, Enterobacter aerogenes XLT-4 
Growth RV No visible growth 
Salmonella BS No growth 
Salmonella BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS No growth 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Salmonella 
Citrobacter RA Citrobacter 
Salmonella, Staphylococcus aureus, 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Citrobacter 
freundii, Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS No growth 
Shigella SS Coliforms 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli, Enterobacter aerogenes XLT-4 No growth 
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Table D1 continued Presumptive colony identification 
BPW  Lactose broth 
Growth RVS No visible growth 
Salmonella BS Salmonella 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM 
Salmonella, Lactose or Sucrose fermenters, 
Proteus, Pseudomonas 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS 
Shigella, Proteus, Pseudomonas 
aeruginosa, Escherichia coli, Klebsiella 
aerogenes 
Coliforms HE Shigella 
Citrobacter RA Citrobacter 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS 
Citrobacter diversus, Citrobacter koseri , 
Enterobacter sakazakii, Enterobacter 
cloacae, Enterobacter sakazakii, Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
Shigella SS Shigella 
Salmonella, Shigella, Providencia XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli, Enterobacter aerogenes XLT-4 Escherichia coli, Enterobacter aerogenes 
Not able to determine TT Not able to determine 
Salmonella BS No growth 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Salmonella, Lactose or sucrose fermenters, 
Proteus, Pseudomonas 
BGM No growth 
No growth CS No growth 
Shigella, Proteus, Pseudomonas 
aeruginosa, Escherichia coli, Klebsiella 
aerogenes 
HS Shigella, Proteus, Pseudomonas aeruginosa 
Salmonella, Shigella HE No growth 
Citrobacter RA Citrobacter 
No growth RS No growth 
Shigella, coliforms SS No growth 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD No growth 
Salmonella, Escherichia coli, Enterobacter 
aerogenes 
XLT-4 No growth 
Sample 14 
No growth MSRV Growth 
No results BS Salmonella 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
No results 
BG Escherichia coli, Klebsiella or Enterobacter 
BGM Lactose or sucrose fermenters 
CS Salmonella, Citrobacter 
HS Escherichia coli, Klebsiella aerogenes 
HE Coliforms 
RA Citrobacter 
RS 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
SS Coliforms 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLT-4 Salmonella, Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Proteus, Pseudomonas 
Salmonella, Lactose or Sucrose 
fermenters, Proteus, Pseudomonas 
BGM Lactose or sucrose fermenters 
Citrobacter CS Salmonella, Citrobacter 
Escherichia coli, Klebsiella aerogenes HS 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
Coliforms HE Salmonella, Shigella 
Salmonella, Citrobacter RA Salmonella, Citrobacter 
Salmonella, Citrobacter freundii, 
Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS Salmonella 
Citrobacter, coliforms SS Salmonella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD Salmonella, Shigella, Providencia 
Escherichia coli, Enterobacter aerogenes XLT-4 
Salmonella, Escherichia coli, Enterobacter 
aerogenes 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or Sucrose fermenters, Proteus, 
Pseudomonas 
BGM Salmonella, Proteus 
Citrobacter, Proteus CS Salmonella, Citrobacter 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
Escherichia coli, Klebsiella aerogenes HS 
Salmonella, Escherichia coli, Klebsiella 
aerogenes 
Coliforms HE Salmonella, coliforms 
Citrobacter RA Salmonella, Citrobacter 
Salmonella, Staphylococcus aureus RS Salmonella 
Coliforms SS Salmonella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia 
Escherichia coli, Enterobacter aerogenes XLT-4 
Salmonella, Escherichia coli, Enterobacter 
aerogenes 
Not able to determine TT Not able to determine 
No Growth BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM Salmonella, Proteus, Pseudomonas 
Proteus CS Salmonella 
Shigella, Proteus, Pseudomonas 
aeruginosa 
HS Salmonella 
Salmonella HE Salmonella, Shigella 
Citrobacter RA Salmonella 
No growth RS Salmonella 
No growth SS Shigella, coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD Salmonella 
No growth XLT-4 Escherichia coli, Enterobacter aerogenes 
Sample 15 
No growth MSRV Growth 
No results 
BS Salmonella 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BGM Lactose or sucrose fermenters 
CS Citrobacter 
HS Escherichia coli, Klebsiella aerogenes 
HE Coliforms 
RA Citrobacter 
RS 
Staphylococcus aureus, Enterobacter 
cloacae, Enterobacter sakazakii, Klebsiella 
oxytoca, Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica 
SS Coliforms 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
No results 
XLD 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLT-4 
Escherichia coli, Enterobacter aerogenes, 
Shigella 
Growth RV No visible growth 
Salmonella BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS No growth 
Escherichia coli, Klebsiella aerogenes HS Shigella, Proteus, Pseudomonas aeruginosa 
Salmonella, Shigella, coliforms HE No growth 
Citrobacter RA No growth 
Salmonella RS No growth 
Shigella SS No growth 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD No growth 
Escherichia coli, Enterobacter aerogenes XLT-4 No growth 
 RVS  
Salmonella BS No growth 
Salmonella BG 
Salmonella, Proteus, Pseudomonas, 
Escherichia coli, Klebsiella or Enterobacter 
Salmonella, Proteus, Pseudomonas BGM Lactose or sucrose fermenters 
Citrobacter, Proteus CS No growth 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Shigella 
Citrobacter RA Citrobacter 
Salmonella RS No growth 
Shigella SS Coliforms 
Salmonella, Shigella, Providencia XLD Salmonella, Shigella, Providencia 
Escherichia coli, Enterobacter aerogenes XLT-4 Escherichia coli, Enterobacter aerogenes 
Not able to determine TT Not able to determine 
No growth BS Salmonella 
No growth BG No growth 
No growth BGM Salmonella 
No growth CS No growth 
Shigella, Proteus, Klebsiella aeruginosa HS Shigella, Proteus, Klebsiella aeruginosa 
No growth HE No growth 
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Table D1 continued Presumptive colony identification 
BPW TT Lactose broth 
No growth RA No growth 
No growth RS No growth 
No growth SS No growth 
No growth XLD No growth 
No growth XLT-4 No growth 
Sample 16 
Growth MSRV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Salmonella 
Citrobacter CS Salmonella 
Escherichia coli, Klebsiella aerogenes HS Salmonella 
Coliforms HE Salmonella 
Citrobacter RA Salmonella 
Salmonella, Staphylococcus aureus, 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Citrobacter 
freundii, Escherichia coli, Enterobacter 
agglomerans, Hafnia alvei, Klebsiella 
pneumoniae, Proteus mirabilis, Shigella 
sonnei 
RS Salmonella 
Shigella, coliforms SS Salmonella, Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD Salmonella 
Escherichia coli, Enterobacter aerogenes XLT-4 Salmonella 
No visible growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenter BGM Salmonella, Proteus, Pseudomonas 
Citrobacter, Proteus CS Salmonella 
Salmonella, Shigella, Proteus, 
Pseudomonas aeruginosa 
HS Salmonella 
Salmonella, Shigella HE Salmonella 
Salmonella, Citrobacter RA Salmonella, Citrobacter 
Staphylococcus aureus RS Salmonella 
Coliforms SS Salmonella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Escherichia coli, Enterobacter aerogenes XLT-4 
Salmonella, Escherichia coli, Enterobacter 
aerogenes 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or Sucrose fermenters BGM 
Salmonella, Lactose or sucrose fermenters, 
Proteus, Pseudomonas 
Citrobacter, Proteus CS Salmonella 
Escherichia coli, Klebsiella aerogenes HS Salmonella 
Coliforms HE Salmonella 
Citrobacter RA Salmonella, Citrobacter 
Salmonella, Staphylococcus aureus RS Salmonella 
Salmonella, Shigella SS Salmonella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia 
Escherichia coli, Enterobacter aerogenes XLT-4 Salmonella, Escherichia coli 
Not able to determine TT Not able to determine 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or Sucrose fermenters BGM Salmonella 
Citrobacter CS Salmonella 
Escherichia coli, Klebsiella aerogenes HS No growth 
Coliforms HE Salmonella 
Citrobacter RA Salmonella 
Salmonella, Staphylococcus aureus RS No growth 
Salmonella, Shigella SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD No growth 
Escherichia coli, Enterobacter aerogenes XLT-4 No growth 
Sample 17 
Growth MSRV Growth 
Salmonella BS Salmonella 
Salmonella BG Escherichia coli, Klebsiella or Enterobacter 
Salmonella BGM Lactose or sucrose fermenter 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
Salmonella RS Staphylococcus aureus 
Coliforms SS Shigella, coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
Escherichia coli, Enterobacter aerogenes XLT-4 Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Salmonella BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, Proteus, Pseudomonas BGM 
Salmonella, Lactose or sucrose fermenters, 
Proteus, Pseudomonas 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella RS Salmonella, Staphylococcus aureus 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Shigella, Providencia, 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
Escherichia coli, Enterobacter aerogenes XLT-4 
Escherichia coli, Enterobacter aerogenes, 
Citrobacter 
Growth RVS Growth 
Salmonella BS Salmonella 
Salmonella BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Salmonella, Lactose or sucrose fermenters, 
Proteus, Pseudomonas 
BGM Salmonella, Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella RS 
Salmonella, Enterobacter cloacae, 
Enterobacter sakazakii, Klebsiella oxytoca, 
Klebsiella pneumoniae, Serratia 
proteomaculans, Yersinia enterocolotica, 
Staphylococcus aureus 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
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Table D1 continued Presumptive colony identification 
BPW  Lactose broth 
Escherichia coli, Enterobacter aerogenes XLT-4 Escherichia coli, Enterobacter aerogenes 
Not able to determine TT Not able to determine 
Salmonella BS Salmonella 
Salmonella BG Escherichia coli, Klebsiella or Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Shigella, coliforms 
Citrobacter RA Citrobacter 
No growth RS Salmonella 
Coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
Escherichia coli, Enterobacter aerogenes XLT-4 Escherichia coli, Enterobacter aerogenes 
Sample 18 
No growth MSRV Growth 
No results 
BS Salmonella 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BGM Lactose or sucrose fermenters 
CS Citrobacter 
HS Escherichia coli, Klebsiella aerogenes 
HE Salmonella, Shigella, coliforms 
RA Citrobacter 
RS 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica, Staphylococcus 
aureus 
SS Coliforms 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLT-4 Escherichia coli 
Growth RV Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Proteus 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Shigella, Proteus, Pseudomonas 
aeruginosa 
HS No growth 
Salmonella, Shigella HE Salmonella, Shigella 
Citrobacter RA Citrobacter 
No growth RS No growth 
Coliforms SS Shigella 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 No growth 
Growth RVS Growth 
Salmonella BS Salmonella 
Escherichia coli, Klebsiella or 
Enterobacter 
BG Salmonella 
Lactose or sucrose fermenters BGM Salmonella, Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Salmonella HE Coliforms 
Citrobacter RA Citrobacter 
Salmonella RS Salmonella 
Coliforms SS Shigella Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 Escherichia coli 
Not able to determine TT Not able to determine 
No growth BS No growth 
No growth BG No growth 
No growth BGM No growth 
No growth CS No growth 
No growth HS No growth 
No growth HE No growth 
No growth RA No growth 
No growth RS No growth 
No growth SS No growth 
No growth XLD No growth 
Salmonella XLT-4 Salmonella 
Sample 19 
No growth MSRV No growth 
No results 
BS 
No results BG 
BGM 
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Table D1 continued Presumptive colony identification 
BPW MSRV Lactose broth 
No results 
CS 
No results 
HS 
HE 
RA 
RS 
SS 
XLD 
XLT-4 
No visible growth RV Growth 
No growth BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
No growth BGM Lactose or sucrose fermenters 
No growth CS Citrobacter 
No growth HS Escherichia coli, Klebsiella aerogenes 
No growth HE Salmonella, Shigella 
Citrobacter RA Citrobacter 
Salmonella RS No growth 
Coliforms SS Shigella 
Salmonella, Edwardsiella, Shigella, 
Providencia 
XLD 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
No growth XLT-4 No growth 
Growth RVS Growth 
Salmonella BS No growth 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Salmonella, Escherichia coli, Klebsiella or 
Enterobacter 
Lactose or sucrose fermenters BGM Lactose or sucrose fermenters 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS Escherichia coli, Klebsiella aerogenes 
Coliforms HE Salmonella, Shigella 
Citrobacter RA Citrobacter, Proteus 
Staphylococcus aureus RS 
Enterobacter cloacae, Enterobacter 
sakazakii, Klebsiella oxytoca, Klebsiella 
pneumoniae, Serratia proteomaculans, 
Yersinia enterocolotica 
Shigella SS Shigella 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
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Table D1 continued Presumptive colony identification 
BPW RVS Lactose broth 
No growth XLT-4 No growth 
Not able to determine TT Not able to determine 
No growth BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG No growth 
Lactose or sucrose fermenters BGM No growth 
No growth CS No growth 
No growth HS No growth 
No growth HE No growth 
No growth RA No growth 
No growth RS No growth 
No growth SS No growth 
Shigella, Providencia XLD No growth 
Salmonella XLT-4 Salmonella 
Sample 20 
Growth MSRV No growth 
Salmonella BS 
No results 
Escherichia coli, Klebsiella or 
Enterobacter 
BG 
Lactose or sucrose fermenters BGM 
Citrobacter CS 
Escherichia coli, Klebsiella aerogenes HS 
Coliforms HE 
Citrobacter RA 
Salmonella, Staphylococcus aureus RS 
Shigella, coliforms SS 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD 
Escherichia coli XLT-4 
Growth RV No visible growth 
Salmonella BS No growth 
Salmonella BG No growth 
Lactose or sucrose fermenters BGM No growth 
Citrobacter CS Citrobacter 
Escherichia coli, Klebsiella aerogenes HS No growth 
Coliforms HE No growth 
Citrobacter RA No growth 
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Table D1 continued Presumptive colony identification 
BPW RV Lactose broth 
Salmonella, Staphylococcus aureus RS No growth 
Coliforms SS Coliforms 
Escherichia, Enterobacter, Klebsiella, 
Citrobacter, Proteus, Serratia 
XLD No growth 
Escherichia coli XLT-4 No growth 
Growth RVS No visible growth 
Salmonella BS No growth 
Salmonella BG No growth 
Lactose or sucrose fermenters BGM No growth 
Citrobacter CS No growth 
Escherichia coli, Klebsiella aerogenes HS No growth 
Coliforms HE Coliforms 
Citrobacter RA No growth 
Salmonella, Staphylococcus aureus RS No growth 
Coliforms SS No growth 
Salmonella, Edwardsiella, Shigella, 
Providencia, Escherichia, Enterobacter, 
Klebsiella, Citrobacter, Proteus, Serratia 
XLD No growth 
Escherichia coli, Enterobacter aerogenes XLT-4 No growth 
Not able to determine TT Not able to determine 
Salmonella BS No growth 
Escherichia coli, Klebsiella or 
Enterobacter 
BG No growth 
Lactose or sucrose fermenters BGM No growth 
Citrobacter CS No growth 
Escherichia coli, Klebsiella aerogenes HS No growth 
Coliforms HE No growth 
Citrobacter RA No growth 
Salmonella RS No growth 
Shigella SS No growth 
Shigella, Providencia XLD No growth 
Escherichia coli, Enterobacter aerogenes XLT-4 No growth 
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Table D2 Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
1 
BPW - - 
1 + + - 
2 + + - 
BPW MSRV - 1 - - - 
BPW MSRV BS 
1 - - - 
2 + - - 
3 - - - 
4 - - - 
5 - - - 
BPW RV - 1 - - - 
BPW RV BS 
1 + - - 
2 - - - 
BPW RVS - 1 + - - 
BPW RVS BS 
1 - - - 
2 + - - 
BPW RVS RS 
1 - - - 
2 - - - 
Lactose broth - - 
1 - - - 
2 - + - 
Lactose broth RV - 1 + + - 
Lactose broth RV BS 
1 - + - 
2 - + - 
Lactose broth RV BG 1 - + - 
Lactose broth RV RS 1 + + + 
Lactose broth RVS - 1 + - - 
Lactose broth RVS BS 1 - + - 
Lactose broth RVS RS 
1 - - - 
2 - + - 
3 + + - 
4 - - - 
2 
BPW - - 
1 + + + 
2 + + + 
BPW MSRV - 1 + - - 
BPW MSRV BS 
1 + - - 
2 - - - 
3 - - - 
4 - - - 
5 - - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
2 
BPW MSRV RS 
1 + - - 
2 + - - 
3 + - - 
4 + - - 
5 + - - 
BPW MSRV SS 1 + - - 
BPW MSRV XLD 1 + - - 
BPW RV - 1 + - - 
BPW RV BS 
1 + - - 
2 + - - 
3 + - - 
BPW RV HS 
1 + - - 
2 + - - 
BPW RV HE 1 + - - 
BPW RV RS 1 + - - 
BPW RV SS 1 + - - 
BPW RVS - 1 + - - 
BPW RVS BS 1 + - - 
BPW RVS HE 1 + - - 
BPW RVS RS 1 - - - 
BPW RVS SS 1 + - - 
Lactose broth - - 
1 - + - 
2 - + - 
Lactose broth RV - 1 + - - 
Lactose broth RV BS 1 - - - 
Lactose broth RV BG 1 + + - 
Lactose broth RVS - 1 + - - 
Lactose broth RVS BS 1 + + - 
Lactose broth RVS BG 1 + + - 
Lactose broth RVS RS 1 - - - 
3 
BPW - - 
1 + - - 
2 + - - 
BPW MSRV - 1 + - - 
BPW MSRV BS 
1 + + + 
2 + + + 
3 + + + 
4 + + + 
5 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
3 
BPW MSRV HE 
1 + - - 
2 + - - 
BPW MSRV RS 
1 + - - 
2 + - - 
3 + - - 
4 + - - 
5 + - - 
BPW MSRV SS 
1 + - - 
2 + - - 
3 + - - 
4 + - - 
5 + - - 
BPW RV - 1 + - - 
BPW RV BS 1 - + - 
BPW RV BG 1 + - - 
BPW RV HS 
1 + - - 
2 + - - 
BPW RV 
RA 
1 + - - 
BPW RV 2 + - - 
BPW RV RS 1 + - - 
BPW RV SS 1 - - - 
BPW RV XLD 1 + - - 
BPW RV XLT-4 1 + - - 
BPW RVS - 1 + - - 
BPW RVS BS 1 + - - 
BPW RVS BG 1 + - - 
BPW RVS HS 
1 + - - 
2 + - - 
BPW RVS HE 1 + - - 
BPW RVS RA 
1 + - - 
2 + - - 
BPW RVS RS 1 + - - 
BPW RVS SS 1 + - - 
Lactose broth - - 
1 - + - 
2 - + - 
Lactose broth RV - 1 - + - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
Lactose broth RV BS 
1 - + - 
2 - + - 
Lactose broth RV BGM 
1 - - - 
2 - + - 
Lactose broth RVS - 1 - - - 
Lactose broth RVS BS 
1 - + - 
2 - + - 
3 - + - 
4 - + - 
5 - + - 
Lactose broth RVS RS 
1 - - - 
2 - - - 
4 
BPW - - 
1 - + - 
2 - + - 
BPW MSRV - 1 - - - 
BPW MSRV BS 
1 + - - 
2 - - - 
3 - - - 
BPW RV - 1 - + - 
BPW 
RV BS 
1 - - - 
2 - - - 
BPW 
3 + - - 
4 + + - 
BPW RV BG 1 + + - 
BPW RV RA 1 - - - 
BPW RVS - 1 - - - 
BPW RVS BS 
1 - - - 
2 + - - 
3 + - - 
4 + - - 
5 - - - 
BPW RVS BG 1 + + - 
BPW RVS RS 1 + - - 
Lactose broth - - 
1 - - - 
2 - - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
4 
Lactose broth RV - 1 - - - 
Lactose broth RVS - 1 - - - 
Lactose broth RVS BS 
1 - - - 
2 - - - 
Lactose broth RVS BG 1 - - - 
5 
BPW - - 1 + - - 
BPW MSRV - 1 - - - 
BPW 
MSRV BS 
1 - - - 
2 - - + 
BPW 3 - - - 
BPW MSRV RS 1 - - - 
BPW RV BS 1 - - - 
BPW RV BG 1 - - - 
BPW RV XLD 1 - - - 
BPW RVS - 1 + - - 
BPW RVS BS 
1 + + - 
2 + + - 
BPW RVS RS 1 - - - 
Lactose broth - - 1 - + - 
Lactose broth RV - 1 + - - 
Lactose broth RVS - 1 - + - 
Lactose broth RVS BS 
1 + - + 
2 + - + 
3 + + + 
Lactose broth RVS HE 1 + + + 
6 
BPW - - 1 + + - 
BPW MSRV BS 
1 + + - 
2 + + - 
3 + + - 
BPW MSRV BG 1 + + - 
BPW RV - 1 + + - 
BPW RV BG 1 + + - 
BPW RV BGM 1 + + - 
BPW RV RS 1 + + - 
BPW RVS - 1 + - - 
BPW RVS XLD 1 + + - 
Lactose broth - - 1 + + - 
Lactose broth MSRV - 1 + + - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
6 
Lactose broth RV - 1 + - - 
Lactose broth RV BS 1 - - - 
Lactose broth RV BS 
2 - - - 
3 - - - 
Lactose broth RV BGM 1 - - - 
Lactose broth RV XLD 1 - - - 
Lactose broth RVS - 1 + + - 
Lactose broth RVS BS 
1 + + - 
2 + + - 
Lactose broth RVS BG 1 + + + 
Lactose broth RVS BGM 1 + + - 
Lactose broth RVS RS 1 + + - 
7 
BPW - - 1 + + - 
BPW MSRV - 1 + + - 
BPW MSRV BS 
1 + - - 
2 + - - 
3 + - - 
BPW MSRV RS 1 - - + 
BPW RV - 1 + - - 
BPW RV BS 
1 - - - 
2 - - - 
3 - - - 
BPW RV RS 
1 + - - 
2 + - - 
3 - - - 
BPW RV XLD 1 + - - 
BPW RVS - 1 + + - 
BPW RVS BS 1 + + - 
Lactose broth - - 1 + - - 
Lactose broth MSRV - 1 + + - 
Lactose broth MSRV BS 1 + - - 
Lactose broth MSRV RS 1 - - - 
Lactose broth RV - 1 - + + 
Lactose broth RV BS 
1 - - - 
2 - - - 
Lactose broth RV BGM 1 + - + 
Lactose broth RV RS 1 - - - 
Lactose broth RV XLD 1 + + + 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
7 
Lactose broth RVS - 1 + + - 
Lactose broth RVS BS 1 + - - 
Lactose broth RVS XLD 1 - + - 
8 
BPW - - 1 + + - 
BPW MSRV - 1 - - - 
BPW MSRV BG 
1 + + - 
2 + - - 
3 + - - 
BPW RV - 1 + + - 
BPW RV BS 1 + + - 
BPW RV BG 1 + + - 
BPW RV BGM 1 - - - 
BPW RV RS 1 + + - 
BPW RV XLD 1 + + - 
BPW RVS - 1 + - - 
BPW RVS BS 1 + + - 
BPW RVS BG 1 + + - 
BPW RVS BGM 
1 + + - 
2 + + - 
Lactose broth - - 1 + + - 
Lactose broth RV - 1 + + - 
Lactose broth RV BS 1 + + - 
Lactose broth RV BG 1 + + - 
Lactose broth 
RV BGM 
1 + + - 
Lactose broth 2 + + - 
Lactose broth 
RV RS 
1 + + - 
Lactose broth 2 + + - 
Lactose broth RVS - 1 + - - 
Lactose broth RVS BS 1 + + - 
Lactose broth RVS BG 1 + + - 
Lactose broth RVS RS 1 + + - 
9 
BPW - - 1 + + - 
Lactose broth 
MSRV SS 
1 + - - 
Lactose broth 2 + - - 
Lactose broth MSRV XLT-4 
1 + - - 
2 + - - 
Lactose broth RV - 
1 + - - 
2 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
9 
Lactose broth RVS - 
1 + - - 
2 + - - 
Lactose broth TT - 
1 + - - 
2 + - - 
Lactose broth TT BG 1 + - - 
Lactose broth TT BGM 
1 + - - 
2 + - - 
Lactose broth TT CS 1 + - - 
Lactose broth TT HS 1 + - - 
Lactose broth TT HE 
1 + - - 
2 + - - 
Lactose broth 
TT RA 
1 + - - 
Lactose broth 2 + - - 
Lactose broth TT SS 1 + - - 
Lactose broth TT XLD 1 + - - 
Lactose broth TT XLT-4 1 + - - 
10 
BPW MSRV - 1 - + - 
BPW MSRV BS 
1 + - - 
2 + - - 
BPW MSRV BG 
1 - - - 
2 - - - 
BPW MSRV BGM 1 - - - 
BPW MSRV XLD 1 - - - 
BPW RV - 
1 + - - 
2 + - - 
BPW 
RVS - 
1 - - - 
BPW 2 - - - 
BPW TT - 
1 - + - 
2 - - - 
BPW TT BS 
1 - - - 
2 - - - 
BPW TT BG 1 - - - 
BPW TT XLD 
1 - - - 
2 - - - 
Lactose broth - - 1 + + - 
Lactose broth MSRV - 1 - - - 
Lactose broth MSRV BS 
1 - - - 
2 - - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
10 
Lactose broth MSRV BG 
1 - - - 
2 - - - 
Lactose broth MSRV HE 1 - - - 
Lactose broth MSRV XLD 
1 - - - 
2 - - - 
Lactose broth RV - 
1 + - - 
2 + - - 
Lactose broth RVS - 
1 - - - 
2 - + - 
Lactose broth RVS BS 1 + - - 
Lactose broth RVS BG 1 + - - 
Lactose broth RVS RS 1 + - - 
Lactose broth RVS XLD 1 + - - 
Lactose broth TT - 
1 - - - 
2 - - - 
Lactose broth TT BS 
1 - - - 
2 + - - 
Lactose broth TT BG 1 + + + 
Lactose broth TT XLD 1 - - - 
11 
BPW - - 1 + + - 
BPW MSRV - 1 + - - 
BPW MSRV BS 
1 - - + 
2 - - + 
BPW 
MSRV BG 
1 - + - 
BPW 2 - + - 
BPW RV - 
1 + - - 
2 - - - 
BPW RVS - 
1 - - - 
2 - - - 
BPW TT - 
1 - - - 
2 - - - 
BPW TT BS 1 + - - 
BPW TT BG 
1 + + - 
2 - + - 
3 - + - 
BPW TT BGM 1 - + - 
BPW TT XLD 1 - + - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
11 
Lactose broth - - 
1 + + - 
2 - + - 
Lactose broth MSRV - 1 + - - 
Lactose broth MSRV BS 1 - + - 
Lactose broth MSRV BG 1 - - - 
Lactose broth RV - 
1 - + - 
2 - + - 
Lactose broth RVS - 
1 - + - 
2 - + - 
Lactose broth RVS BG 1 - + - 
Lactose broth TT 
- 1 - - - 
 2 - - - 
Lactose broth TT BS 1 - - - 
Lactose broth TT BS 2 - - - 
Lactose broth TT RS 1 + - - 
12 
BPW - - 
1 + + + 
2 - + - 
BPW MSRV - 1 + - - 
BPW MSRV BS 
1 + - - 
2 + - - 
3 + - - 
4 + - - 
BPW MSRV BG 
1 + - - 
2 + - - 
BPW 
MSRV BGM 
1 + - - 
BPW 2 + - - 
BPW MSRV CS 
1 + - - 
2 + - - 
BPW MSRV HS 
1 + - - 
2 + - - 
BPW MSRV RS 1 + - - 
BPW MSRV SS 
1 + - - 
2 + - - 
BPW MSRV XLD 
1 + - - 
2 + - - 
BPW MSRV XLT-4 
1 + - - 
2 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
12 
BPW RVS - 
1 + - - 
2 + - - 
BPW TT - 
1 + - - 
2 + - - 
BPW TT BS 1 + - - 
BPW TT BG 1 + - - 
BPW TT BGM 1 + - - 
BPW TT CS 
1 + - - 
2 + - - 
BPW TT HS 
1 + - - 
2 + - - 
BPW TT HE 
1 + - - 
2 + - - 
BPW TT RA 
1 + - - 
2 + - - 
BPW TT RS 
1 + - - 
2 + - - 
BPW TT SS 1 + - - 
BPW TT XLD 1 + - - 
Lactose broth - - 
1 - + - 
2 - + - 
Lactose broth MSRV - 1 - + + 
Lactose broth RV - 
1 - - - 
2 - - - 
Lactose broth RVS - 
1 - - - 
2 + + - 
Lactose broth TT - 
1 - - - 
2 - - - 
Lactose broth TT BS 
1 + - - 
2 - + - 
Lactose broth TT BG 1 - + - 
Lactose broth TT HE 
1 - + - 
2 - + - 
Lactose broth  TT SS 1 - - + 
Lactose broth TT XLD 1 - - + 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
13 
BPW - - 
1 - - - 
2 - - - 
BPW MSRV - 1 - - - 
BPW MSRV BS 
1 - - - 
2 - - - 
BPW MSRV RS 1 - - - 
BPW RV BS 
1 - - - 
2 - - - 
BPW RV BG 1 + + + 
BPW RV RS 
1 - - - 
2 - + - 
BPW RVS BS 
1 - - - 
2 - - - 
BPW RVS BG 1 - - - 
BPW RVS RS 
1 + - - 
2 - - - 
3 - - - 
BPW RVS SS 1 - - - 
BPW TT - 1 - - - 
Lactose broth - - 
1 - + - 
2 + + - 
Lactose broth RV BG 
1 + - - 
2 + - - 
Lactose broth RV HE 1 - + - 
Lactose broth RVS BG 1 - - - 
Lactose broth TT - 1 - + - 
14 
BPW - - 
1 - - - 
2 - - - 
BPW MSRV - 1 + - - 
BPW RV BS 
1 + + - 
2 + + - 
BPW RV BGM 
1 + - - 
2 + - - 
BPW RV RA 1 + - - 
BPW RV RS 
1 + - - 
2 + - - 
3 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
14 
BPW RVS - 1 + + - 
BPW TT - 
1 - - - 
2 - - + 
Lactose broth - - 
1 + + - 
2 + + - 
Lactose broth MSRV - 1 + + - 
Lactose broth MSRV BS 
1 + - + 
2 + - - 
Lactose broth MSRV CS 1 + - - 
Lactose broth MSRV RS 
1 + - - 
2 + - - 
Lactose broth MSRV XLT-4 1 + - - 
Lactose broth RV CS 
1 + - - 
2 + - - 
Lactose broth RV HS 
1 + - - 
2 + - - 
Lactose broth RV HE 1 + - - 
Lactose broth RV RA 1 + - - 
Lactose broth RV RS 
1 + - - 
2 + - - 
Lactose broth RV SS 
1 + - - 
2 + - - 
Lactose broth RV XLD 1 + - - 
Lactose broth RV XLT-4 
1 + - - 
2 + - - 
Lactose broth RVS - 1 + - - 
Lactose broth  RVS BGM 1 + + - 
Lactose broth TT - 1 + - - 
15 
BPW - - 
1 - + - 
2 - + - 
BPW RV BS 1 + + - 
BPW RV BGM 
1 + + - 
2 + + - 
BPW RV RS 
1 + + - 
2 - - - 
BPW RV XLD 1 + - - 
BPW RVS - 1 + + - 
BPW TT - 1 - - - 
212 
 
Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
15 
Lactose broth - - 1 + - - 
Lactose broth MSRV BS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth MSRV BG 1 + - - 
Lactose broth MSRV XLD 1 + - - 
Lactose broth RVS - 1 + + - 
Lactose broth TT - 1 - - - 
16 
BPW - - 1 - - - 
BPW MSRV BS 
1 - - + 
2 + - - 
BPW MSRV RS 1 - - + 
BPW RV BS 
1 + + + 
2 - - - 
BPW RV HE 
1 - - + 
2 - - + 
BPW RV RA 
1 - - - 
2 - - - 
BPW RVS - 1 + - + 
Lactose broth - -     
Lactose broth MSRV - 1 + - - 
Lactose broth MSRV BS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth MSRV CS 
1 + - - 
2 + - - 
Lactose broth MSRV HS 1 + - - 
Lactose broth MSRV HE 1 + - - 
Lactose broth MSRV RA 1 + + - 
Lactose broth MSRV RS 1 + - - 
Lactose broth MSRV SS 
1 + - - 
2 + - - 
Lactose broth MSRV XLD 1 + - - 
Lactose broth MSRV XLT-4 1 + - - 
Lactose broth RV - 1 + - - 
Lactose broth RV BS 1 + - - 
Lactose broth RV BG 1 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
16 
Lactose broth RV BGM 1 + - - 
Lactose broth RV CS 
1 + - - 
2 + - - 
Lactose broth RV HS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RV HE 1 + - - 
Lactose broth RV RA 1 + - - 
Lactose broth RV RS 1 - - - 
Lactose broth RV XLD 1 + - - 
Lactose broth RV XLT-4 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RVS - 1 + - - 
Lactose broth 
RVS BS 
1 + - - 
Lactose broth 2 + - - 
Lactose broth RVS BG 
1 + - - 
2 + - - 
Lactose broth RVS BGM 
1 + - - 
2 + - - 
Lactose broth RVS CS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RVS HS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RVS HE 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RVS RA 1 + - - 
Lactose broth RVS RS 1 + - - 
Lactose broth RVS SS 
1 + - - 
2 + - - 
3 + - - 
Lactose broth RVS XLD 
1 + - - 
2 + - - 
3 + - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
16 
Lactose broth RVS XLT-4 
1 + - - 
2 + - - 
3 + - - 
Lactose broth TT - 1 + - - 
Lactose broth TT BS 
1 + - - 
2 + - - 
Lactose broth TT CS 
1 + - - 
2 + - - 
Lactose broth TT HE 1 + - - 
Lactose broth TT RA 1 + - - 
17 
BPW - - 
1 - + - 
2 - + - 
BPW MSRV - 1 + + - 
BPW MSRV BS 
1 + + - 
2 + + - 
3 + + - 
4 + + - 
BPW MSRV BG 
1 + + - 
2 + + - 
BPW MSRV BGM 1 + + - 
BPW MSRV RS 1 + + - 
BPW RV - 1 + + - 
BPW RV BS 1 - - - 
BPW RV BG 1 + + - 
BPW RV BGM 1 + + - 
BPW RV RA 1 + + - 
BPW RVS - 1 + + - 
BPW RVS BS 
1 + + - 
2 + + - 
BPW RVS BG 1 + + - 
BPW RVS BGM 
1 + + - 
2 + + - 
3 + + - 
BPW RVS RS 1 - - - 
BPW TT BS 1 - - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
17 
BPW TT BG 
1 - + - 
2 + + - 
3 + + - 
4 - + - 
Lactose broth - - 
1 - + - 
2 - + - 
Lactose broth MSRV - 1 - - - 
Lactose broth MSRV BS 
1 - - - 
2 + - - 
3 + - - 
Lactose broth MSRV XLD 1 - - - 
Lactose broth RV - 1 - + - 
Lactose RV BS 
1 + + - 
2 - - - 
3 - - - 
4 - - - 
Lactose broth RV BG 1 + + - 
Lactose broth RV BGM 1 + + - 
Lactose broth RV RA 1 + + - 
Lactose broth RV RS 1 + - - 
Lactose broth RV XLD 1 + + - 
Lactose broth RVS - 1 - + - 
Lactose broth RVS BS 
1 - - - 
2 + + - 
Lactose broth RVS BG 1 + + - 
Lactose broth RVS BGM 
1 + + - 
2 + + - 
Lactose broth RVS RS 
1 + + - 
2 + + - 
3 + + - 
Lactose broth TT - 1 - + + 
Lactose broth TT BS 
1 - - - 
2 - - - 
Lactose broth TT RA 
1 - - - 
2 - - - 
Lactose broth TT RS 
1 - - - 
2 - - - 
3 - - - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
17 Lactose broth TT XLD 1 - - - 
18 
BPW - - 
1 - - - 
2 - - - 
BPW RV - 
1 + - - 
2 - - - 
BPW RV BS 1 - - - 
BPW RV HE 1 + + - 
BPW RVS - 1 + - - 
BPW RVS BS 
1 - - - 
2 - - - 
3 - - - 
4 - - - 
BPW RVS HE 
1 + - - 
2 - - - 
BPW RVS RS 1 - - - 
BPW TT - 1 + + - 
BPW TT XLT-4 1 - - - 
Lactose broth - - 
1 - + - 
2 - + - 
Lactose broth MSRV - 1 + - - 
Lactose broth MSRV BS 
1 + + - 
2 + - - 
3 + - - 
4 + - - 
Lactose broth MSRV BG 1 - - - 
Lactose broth MSRV HE 
1 + - - 
2 + - - 
BPW RV BS 
1 + + - 
2 + + - 
BPW RV BG 
1 + - - 
2 + + - 
BPW RV HE 1 + + - 
BPW RVS - 1 + + - 
BPW RVS BS 
1 + + - 
2 + + - 
BPW RVS BG 1 + + - 
BPW RVS BGM 1 + + - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
18 
BPW RVS RS 1 + + - 
BPW TT - 1 - - - 
BPW TT XLT-4 1 - - - 
19 
BPW - - 1 - - - 
BPW RV - 1 - - - 
BPW RV BG 1 - - - 
BPW RV HE 
1 + + - 
2 + + - 
BPW RV RS 
1 + - - 
2 - - - 
3 - - - 
4 - - - 
BPW RV XLD 1 + - - 
BPW RVS - 
1 - - - 
2 - - - 
BPW RVS BS 
1 - - - 
2 - - - 
BPW RVS BG 
1 - - - 
2 - - - 
BPW RVS HE 
1 - - - 
2 + + - 
3 + + - 
4 - - - 
BPW RVS XLD 1 + + + 
BPW TT - 1 - - - 
BPW TT XLT-4 1 - - - 
Lactose broth - - 
1 + + - 
2 + + - 
Lactose broth RV - 1 - - - 
20 BPW - - 
1 - - - 
2 + + - 
3 + + - 
4 + + - 
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Table D2 continued Results for Salmonella spp. specific multiplex PCR 
Sample 
number 
Media combination Colony 
number 
Identification 
Step 1 Step 2 Step 3 S spp. SE ST 
20 
BPW MSRV - 1 + + - 
BPW MSRV BS 
1 - - - 
2 - - - 
3 - - - 
4 - - - 
BPW MSRV RS 1 - - - 
BPW RV - 1 + + - 
BPW RV BS 1 + + - 
BPW RV BG 1 + + - 
BPW RV RA 1 + + - 
BPW RVS - 1 + + - 
BPW RVS BS 
1 + + - 
2 + + - 
BPW RVS BG 1 + + - 
BPW RVS RS 1 - - - 
BPW RVS XLD 1 - - - 
BPW TT - 1 + - - 
BPW TT BS 
1 + - - 
2 - - - 
BPW TT RS 
1 - - - 
2 - - - 
Lactose broth  - 1 - - - 
Lactose broth RV - 1 - - - 
Lactose broth RVS - 1 - - - 
Lactose broth TT - 1 - - - 
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Data for SureFood® Pathogen Salmonella Plus V kit 
 
Figure D1 Raw data (a) and quantitation data (b) for green channel (Salmonella) 
 
PTC  19 Lactose broth 2  18 BPW 1 
 
NTC  19 Lactose broth 1  15 Lactose broth 2 
 
19 BPW 3  19 Lactose broth 2  20 BPW 1 
 
19 BPW 2  19 Lactose broth 1  15 Lactose broth 1 
 
18 Lactose broth 2  18 BPW 2  20 BPW 3 
 
20 BPW 2  18 BPW 1  19 BPW 4 
 
20 BPW 4  18 BPW 2   
      
a 
b 
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Figure D2 Raw data (a) and quantitation data (b) for yellow channel (IAC) 
 
PTC  19 Lactose broth 2  18 BPW 1 
 
NTC  19 Lactose broth 1  15 Lactose broth 2 
 
19 BPW 3  19 Lactose broth 2  20 BPW 1 
 
19 BPW 2  19 Lactose broth 1  15 Lactose broth 1 
 
18 Lactose broth 2  18 BPW 2  20 BPW 3 
 
20 BPW 2  18 BPW 1  19 BPW 4 
 
20 BPW 4  18 BPW 2   
 
Table D3 Results for SureFood® Pathogen Salmonella Plus V kit 
Sample Nr Media Test Nr Salmonella IAC Interpretation 
1 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 
1 Negative Positive Negative 
2 Negative Positive Negative 
2 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
 
a 
b 
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Table D3 continued Results for SureFood® Pathogen Salmonella Plus V kit 
Sample Nr Media Test Nr Salmonella IAC Interpretation 
2 Lactose broth 2 Positive Positive Positive 
3 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
4 
BPW 
1 Negative Positive Negative 
2 Negative Positive Negative 
Lactose broth 
1 Negative Positive Negative 
2 Negative Positive Negative 
5 
BPW 1 Negative Positive Negative 
Lactose broth 1 Negative Positive Negative 
6 
BPW 1 Negative Positive Negative 
Lactose broth 1 Negative Positive Negative 
7 
BPW 1 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
8 
BPW 1 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
9 
BPW 1 Negative Positive Negative 
Lactose broth 1 Positive Positive Positive 
10 Lactose broth 1 Positive Positive Positive 
11 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
12 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
13 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
14 
BPW 
1 Positive Positive Positive 
2 Negative Positive Negative 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
15 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Positive Positive Positive 
16 
BPW 1 Negative Positive Negative 
Lactose broth 1 Positive Positive Positive 
17 BPW 1 Positive Positive Positive 
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Table D3 continued Results for SureFood® Pathogen Salmonella Plus V kit 
Sample Nr Media Test Nr Salmonella IAC Interpretation 
17 
BPW 2 Positive Positive Positive 
Lactose broth 
1 Negative Positive Negative 
2 Positive Positive Positive 
18 
BPW 
1 Positive Positive Positive 
2 Negative Positive Negative 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
19 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
20 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
3 Positive Positive Positive 
4 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
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Data for Foodproof® Salmonella detection Kit 
 
 
Figure D3 Raw data (a) and quantitation data (b) for green channel (Salmonella) 
 
PTC  1 BPW 2  4 Lactose broth 2 
 
NTC  2 Lactose broth 2  4 BPW 2 
 
5 Lactose broth 1  2 Lactose broth 1  6 Lactose broth 1 
 
5 BPW 1  2 BPW 2  8 Lactose broth 1 
 
3 BPW 2  3 Lactose broth 1  4 lactose broth 1 
 
1 Lactose broth 1  18 BPW 2  4 BPW 1 
 
1 Lactose broth 2  8 BPW 1  3 BPW 1 
 1 BPW 1  2 BPW 1   
 
 
 
 
a 
b 
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Figure D4 Raw data (a) and quantitation data (b) for yellow channel (internal control) 
 
PTC  1 BPW 2  4 Lactose broth 2 
 
NTC  2 Lactose broth 2  4 BPW 2 
 
5 Lactose broth 1  2 Lactose broth 1  6 Lactose broth 1 
 
5 BPW 1  2 BPW 2  8 Lactose broth 1 
 
3 BPW 2  3 Lactose broth 1  4 lactose broth 1 
 
1 Lactose broth 1  18 BPW 2  4 BPW 1 
 
1 Lactose broth 2  8 BPW 1  3 BPW 1 
 1 BPW 1  2 BPW 1   
 
Table D4 Results for Foodproof® Salmonella Detection Kit 
Sample Nr Media Test Nr Salmonella Internal Control Interpretation 
1 
BPW 
1 Positive Positive Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Negative Positive 
2 
BPW 
1 Positive Negative Positive 
2 Positive Positive Positive 
Lactose broth 1 Positive Negative Positive 
a 
b 
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Table D4 Results for Foodproof® Salmonella Detection Kit 
Sample Nr Media Test Nr Salmonella Internal Control Interpretation 
2 Lactose broth 2 Positive Negative Positive 
3 
BPW 
1 Positive Positive Positive 
2 Positive Negative Positive 
Lactose broth 1 Positive Negative Positive 
4 
BPW 
1 Positive Positive Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Negative Positive 
5 
BPW 1 Positive Negative Positive 
Lactose broth 1 Positive Negative Positive 
6 
BPW 1 Positive Negative Positive 
Lactose broth 1 Positive Negative Positive 
7 
BPW 1 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
8 
BPW 1 Positive Positive Positive 
Lactose broth 1 Positive Negative Positive 
9 
BPW 1 Positive Positive Positive 
Lactose broth 1 Positive Positive Positive 
10 Lactose broth 1 Positive Positive Positive 
11 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
12 
BPW 1 Positive Negative Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
13 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
14 
BPW 
1 Positive Positive Positive 
2 Negative Positive Negative 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
15 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Positive Negative Positive 
16 
BPW 1 Negative Positive Negative 
Lactose broth 
1 Positive Positive Positive 
2 Positive Negative Positive 
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Table D4 Results for Foodproof® Salmonella Detection Kit 
Sample Nr Media Test Nr Salmonella Internal Control Interpretation 
17 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
18 
BPW 
1 Positive Negative Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Positive Positive 
19 
BPW 1 Positive Negative Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
20 
BPW 
1 Positive Negative Positive 
2 Positive Positive Positive 
3 Positive Negative Positive 
4 Positive Negative  Positive 
Lactose broth 1 Negative Positive Negative 
 
 
 
 
 
 
 
 
 
 
 
227 
 
Data for DiaInfect Salmonella detection kit 
 
 
Figure D5 Raw data (a) and quantitation data (b) for green channel (Salmonella) 
 
PTC  1 BPW 2  4 Lactose broth 2 
 
NTC  2 Lactose broth 2  4 BPW 2 
 
5 Lactose broth 1  2 Lactose broth 1  6 Lactose broth 1 
 
5 BPW 1  2 BPW 2  8 Lactose broth 1 
 
3 BPW 2  3 Lactose broth 1  4 lactose broth 1 
 
1 Lactose broth 1  18 BPW 2  4 BPW 1 
 
1 Lactose broth 2  8 BPW 1  3 BPW 1 
 1 BPW 1  2 BPW 1   
 
 
 
 
b 
a 
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Figure D6 Raw data (a) and quantitation data (b) for yellow channel (pathogenic Salmonella) 
 
PTC  1 BPW 2  4 Lactose broth 2 
 
NTC  2 Lactose broth 2  4 BPW 2 
 
5 Lactose broth 1  2 Lactose broth 1  6 Lactose broth 1 
 
5 BPW 1  2 BPW 2  8 Lactose broth 1 
 
3 BPW 2  3 Lactose broth 1  4 lactose broth 1 
 
1 Lactose broth 1  18 BPW 2  4 BPW 1 
 
1 Lactose broth 2  8 BPW 1  3 BPW 1 
 1 BPW 1  2 BPW 1   
 
 
 
 
 
 
a 
b 
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Figure D7 Raw data (a) and quantitation data (b) for red channel (internal control) 
 
PTC  1 BPW 2  4 Lactose broth 2 
 
NTC  2 Lactose broth 2  4 BPW 2 
 
5 Lactose broth 1  2 Lactose broth 1  6 Lactose broth 1 
 
5 BPW 1  2 BPW 2  8 Lactose broth 1 
 
3 BPW 2  3 Lactose broth 1  4 lactose broth 1 
 
1 Lactose broth 1  18 BPW 2  4 BPW 1 
 
1 Lactose broth 2  8 BPW 1  3 BPW 1 
 1 BPW 1  2 BPW 1   
 
Table D5 Results for DiaInfect Salmonella detection kit 
Sample Media Test Nr Salmonella 
Pathogenic 
Salmonella 
Internal 
control 
Interpretation 
1 
BPW 
1 Positive Negative Positive Salmonella enterica 
2 Positive Negative Positive Salmonella enterica 
Lactose 
broth 
1 Negative Negative Positive Negative 
2 Positive Negative Positive Salmonella enterica 
2 BPW 1 Negative Positive Positive 
Pathogenic 
Salmonella 
a 
b 
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Table D5 Results for DiaInfect Salmonella detection kit 
Sample Media Test Nr Salmonella 
Pathogenic 
Salmonella 
Internal 
control 
Interpretation 
2 
BPW 2 Positive Negative Positive Salmonella enterica 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
2 Negative Negative Positive Negative 
3 
BPW 
1 Negative Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
4 
BPW 
1 Positive Negative Positive Salmonella enterica 
2 Positive Negative Positive Salmonella enterica 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
2 Positive Negative Positive Salmonella enterica 
5 
BPW 1 Negative Negative Positive Negative 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
6 
BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
7 
BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
8 
BPW 1 Negative Negative Positive Negative 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
9 
BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
10 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
11 
BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
12 BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
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Table D5 Results for DiaInfect Salmonella detection kit 
Sample Media Test Nr Salmonella 
Pathogenic 
Salmonella 
Internal 
control 
Interpretation 
12 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
13 
BPW 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Negative Positive Salmonella enterica 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
14 
BPW 
1 Positive Negative Positive Salmonella enterica 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
15 BPW 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
17 
BPW 1 Positive Positive Positive 
Pathogenic 
Salmonella 
Lactose 
broth 
1 Positive Positive Positive 
Pathogenic 
Salmonella 
2 Positive Positive Positive 
Pathogenic 
Salmonella 
18 
Lactose 
broth 
a Positive Positive Positive 
Pathogenic 
Salmonella 
b Positive Positive Positive 
Pathogenic 
Salmonella 
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Data for PrimerDesignTM Kit for Salmonella enterica genomes 
 
Figure D8 Raw data (a) and quantitation data (b) for green channel (Salmonella). 
 
NTC  14 BPW 1  20 BPW 1 
 
PTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2  Internal control 
 14 Lactose broth 1  19 Lactose broth 1   
 
 
 
 
a 
b 
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Figure D9 Raw data (a) and quantitation data (b) for yellow channel (internal control). 
 
NTC  14 BPW 1  20 BPW 1 
 
PTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2  Internal control 
 14 Lactose broth 1  19 Lactose broth 1   
 
Table D6 Results for PrimerDesign™ kit 
Sample Nr Media Test Nr Salmonella Internal control Interpretation 
1 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
a 
b 
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Table D6 Results for PrimerDesign™ kit 
Sample Nr Media Test Nr Salmonella Internal control Interpretation 
1 Lactose broth 2 Positive Negative Positive 
2 
BPW 
1 Positive Negative Positive 
2 Positive Positive Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Negative Positive 
3 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 1 Positive Positive Positive 
4 
BPW 
1 Positive Negative Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Negative Positive 
5 
BPW 1 Negative negative Invalid 
Lactose broth 1 Positive Negative Positive 
6 
BPW 1 Positive Negative Positive 
Lactose broth 1 Positive Negative Positive 
7 
BPW 1 Positive Negative Positive 
Lactose broth 1 Positive Negative Positive 
8 
BPW 1 Positive Positive Positive 
Lactose broth 1 Positive Negative Positive 
9 
BPW 1 Positive Negative Positive 
Lactose broth 1 Positive Positive Positive 
10 Lactose broth  Positive Negative Positive 
11 
BPW 1 Positive Negative Positive 
Lactose broth 
1 Positive Positive Positive 
2 Positive Positive Positive 
12 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Positive Positive 
13 
BPW 
1 Positive Negative Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Negative Positive 
14 
BPW 
1 Positive Negative Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Positive Positive 
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Table D6 Results for PrimerDesign™ kit 
Sample Nr Media Test Nr Green channel Internal control Interpretation 
15 
BPW 
1 Positive Negative Positive 
2 Positive Negative Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Negative Positive 
16 
BPW 1 Negative Positive Negative 
Lactose broth 
1 Positive Positive Positive 
2 Positive Negative Positive 
17 
BPW 
1 Negative Negative Invalid 
2 Positive Positive Positive 
Lactose broth 
1 Negative Negative Invalid 
2 Negative Negative Invalid 
18 
BPW 
1 Positive Positive Positive 
2 Positive Positive Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Positive Positive 
19 
BPW 1 Positive Positive Positive 
Lactose broth 
1 Positive Negative Positive 
2 Positive Positive Positive 
20 
BPW 
1 Positive Negative Positive 
2 Positive Positive Positive 
3 Positive Positive Positive 
4 Positive Positive Positive 
Lactose broth 1 Negative Positive Negative 
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Data for Salmonella real-time multiplex PCR 
 
 
Figure D10 Raw (a) and quantitation data (b) for green channel (Salmonella) 
 
PTC  14 BPW 1  20 BPW 1 
 
NTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2   
 14 Lactose broth 1  19 Lactose broth 1   
 
a 
b 
237 
 
 
 
Figure D11 Raw (a) and quantitation data (b) for orange channel (SE, SG, SD) 
 
PTC  14 BPW 1  20 BPW 1 
 
NTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2   
 14 Lactose broth 1  19 Lactose broth 1   
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Figure D12 Raw (a) and quantitation data (b) for red channel (SE) 
 
PTC  14 BPW 1  20 BPW 1 
 
NTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2   
 14 Lactose broth 1  19 Lactose broth 1   
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Figure D13 Raw (a) and quantitation data (b) for yellow channel (ST, SK) 
 
PTC  14 BPW 1  20 BPW 1 
 
NTC  15 Lactose broth 2  1 Lactose broth 2 
 
10 Lactose broth  15 BPW 1  1 BPW 2 
 
11 Lactose broth 1  16 Lactose broth 1  2 Lactose broth 2 
 
11 BPW  17 Lactose broth 1  2 BPW 2 
 
12 Lactose broth 1  17 BPW 1  4 BPW 2 
 
12 BPW 2  18 Lactose broth 2  4 Lactose broth 2 
 13 Lactose broth 2  18 BPW 1  3 BPW 2 
 13 BPW 2  19 BPW 2   
 14 Lactose broth 1  19 Lactose broth 1   
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Table D7 Results for real-time multiplex PCR 
Sample 
Nr 
Media Salmonella 
SE, SG, 
SD 
SE ST, SK Interpretation 
1 
BPW Negative Negative Negative Negative Negative 
Lactose 
broth 
Negative Negative Negative Negative Negative 
2 
BPW Positive Negative Negative Positive Salmonella spp. 
Lactose 
broth 
Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
3 
BPW Positive Negative Negative Negative Salmonella spp. 
Lactose 
broth 
Negative Negative Negative Negative Negative 
4 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose 
broth 
Negative Positive Negative Negative Salmonella spp. 
5 
BPW Negative Negative Negative Negative Negative 
Lactose 
broth 
Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
6 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose 
broth 
Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
7 
BPW Negative Negative Positive Negative S. Enteritidis 
Lactose 
broth 
Negative Positive Negative Positive 
S. Typhimurium 
or S. Kentucky or    
S. Enteritidis or   
S. Gallinarum or  
S. Dublin 
8 
BPW Negative Positive Negative Negative 
S. Enteritidis or   
S. Gallinarum or  
S. Dublin 
Lactose 
broth 
Negative Negative Positive Negative S. Enteritidis 
9 
BPW Negative Negative Positive Negative S. Enteritidis 
Lactose 
broth 
Positive Negative Negative Positive Salmonella spp. 
10 
Lactose 
broth 
Negative Negative Negative Negative Negative 
11 
BPW Positive Negative Negative Negative Salmonella spp. 
Lactose 
broth 
Positive Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
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Table D7 Results for real-time multiplex PCR 
Sample 
Nr 
Media Salmonella 
SE, SG, 
SD 
SE ST, SK Interpretation 
12 
BPW Positive Positive Negative Positive 
S. Typhimurium 
or S. Kentucky or    
S. Enteritidis or   
S. Gallinarum or  
S. Dublin 
Lactose broth Negative Negative Negative Negative Negative 
13 
BPW Negative Negative Negative Negative Negative 
Lactose broth Positive Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
14 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose broth Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
15 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose broth Negative Positive Negative Positive 
S. Typhimurium 
or S. Kentucky or    
S. Enteritidis or   
S. Gallinarum or  
S. Dublin 
16 
BPW Negative Negative Negative Negative Negative 
Lactose broth Positive Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
17 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose broth Negative Negative Negative Negative Negative 
18 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose broth Positive Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
19 
BPW Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
Lactose broth Negative Negative Negative Positive 
S. Typhimurium 
or S. Kentucky 
20 
BPW Negative Negative Negative Negative Negative 
Lactose broth Negative Negative Negative Negative Negative 
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APPENDIX E – Comparison of PCR results 
Comparison of PCR results 
Table E1 Results for PCR procedures 
Sample Media 
Salmonella 
multiplex PCR 
SureFood Foodproof DiaInfect PrimerDesign 
Salmonella real-
time Multiplex 
PCR 
1 
BPW Positive Positive Positive Positive Positive Negative 
Lactose broth Positive Negative Positive Positive Positive Negative 
2 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Positive Positive Positive Positive Positive 
3 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Negative Positive Positive Positive Negative 
4 
BPW Positive Negative Positive Positive Positive Positive 
Lactose broth Negative Negative Positive Positive Positive Positive 
5 
BPW Positive Negative Positive Negative Invalid Negative 
Lactose broth Positive Negative Positive Positive Positive Positive 
6 
BPW Positive Negative Positive Positive Positive Positive 
Lactose broth Positive Negative Positive Positive Positive Positive 
7 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Negative Negative Positive Positive Positive 
8 
BPW Positive Positive Positive Negative Positive Positive 
Lactose broth Positive Negative Positive Positive Positive Positive 
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Table E1 continued Results for PCR procedures 
Sample Media 
Salmonella 
multiplex PCR 
SureFood Foodproof DiaInfect PrimerDesign 
Salmonella real-
time Multiplex 
PCR 
9 
BPW Positive Negative Positive Positive Positive Positive 
Lactose broth Positive Positive Positive Positive Positive Positive 
10 
BPW - - - - - - 
Lactose broth Positive Positive Positive Positive Positive Negative 
11 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Negative Positive Positive Positive Positive Positive 
12 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Positive Positive Positive Positive Negative 
13 
BPW Negative Positive Positive Positive Positive Negative 
Lactose broth Positive Positive Positive Positive Positive Positive 
14 
BPW Negative Positive Positive Positive Positive Positive 
Lactose broth Positive Positive Positive Positive Positive Positive 
15 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Positive Positive - Positive Positive 
16 
BPW Negative Negative Negative - Negative Negative 
Lactose broth Positive Positive Positive - Positive Positive 
17 
BPW Positive Positive Positive Positive Positive Positive 
Lactose broth Positive Positive Positive Positive Invalid Negative 
18 BPW Negative Positive Positive Positive Positive Positive 
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Table E1 continued Results for PCR procedures 
Sample Media 
Salmonella 
multiplex PCR 
SureFood Foodproof DiaInfect PrimerDesign 
Salmonella real-
time Multiplex 
PCR 
18 Lactose broth Positive Positive Positive Positive Positive Positive 
19 
BPW Negative Positive Positive - Positive Positive 
Lactose broth Positive Positive Positive - Positive Positive 
20 
BPW Positive Positive Positive - Positive Negative 
Lactose broth Negative Negative Negative - Negative Negative 
 
 
